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| HE Mechanick Art is a Science which contemplares about 

the quantities of moving Forces, .and of the times in 
*: which the Motion is made. * | | 
.; The Centre of Graviry of any Body is a certain point with- 
in. it, having the parts about ir every where conſiſting of equal 
"moments according & which it is 'born downward, and-/from 
whence if'a body. be conceived to be hung by a Line ir reſteth 
while it bears downward, keeping the Poſirion which ir had 
in the beginning, and that Line is always perpendicular to the 
Horizon. 


: ? FRY ; ) : . : . 
| af are theEngins,to which if force be uſed,their ſtrengths 


are augmented in a wonderful manner, fo that, that which 
1s hit. to, overcome. the reſiſtance of 100 pound weight, may be 
made ſufficientto overcome 1000 pound, yea, 000 pound weight, 
and more : *I will expound this Propoſition, which cannor be 
done better than by ſimply expying to view the Engines, whoſe 
forces are increaſed by the ſtrength of their movers, and we 
will-ſhew what Experience approves in common Engins; and 
becauſe almoſt all Authors recal the other Powers to the Bal- 


of 


% 


- 2 Mechanick Powess.  Pook I. 
_ Of the Balance... 


Y the B-llance we-underſtand an iron Rod, hanging freely 
in the middle point which is- called- the Beam. or Centre ; 
and the effe& which daily experience teaches us is: this. 

Fig. 1. If two equal Weights ſuppoſe of 4 pound each be hung 
in the points A and B, fo that the lines AC, CB are equa], 
they . will poiſe each other, or be in Equilibrio. But if the 
= PF be never-ſo little remqved froty the Beam or Cock 'C, 
ſo that the line B C be longer tham'the line AC, the weight 
F overcomes and raiſes the weightE; if you ask why thoſe forces. 
are increafed by their greater diſtance from the Beam, or Centre, 


trot nor ©: the 
in divifions, 
wil acepeatng 9 the { 


pounds hung in the point A, and: this kind of Be/l-vce is in uſe- 
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ways to be diſtinguiſhed ; ro wit, the power of the Movent, 
the Weight to be moved, and the point that ſuſtains the Leawers . 
which is called Hypomoclion or Prop, being nothing but a Roller 
or a piece of Timber or Stone laid under the Leaver, to fup- 
port it, even as in the Ballance we diſtinguiſh three things, to 
wit, the two Weights ard the Beam or Cock ; whence ir 


- Comes.to paſs that the Leaver is compared ro the Ballance, And 


becauſe the Hypomeclion may polleſs either the middle place be- 
tween the power and the weight, or it may be in one of the 
extreams or ends, and that two fold, ro wit, either fo that the 
weight may poſſeſs the middle place, or elfe the power may be 
in he middle, therefore there are three kinds of Leavers. 

Fig. 2, The firſt kind of Leaver hath the weight on one end 
A, the Power in the other end C, and the Hypomoclion in the 
middle, to wit, in the point B, and if the power happen to be 
equally: diſtant from the Hypomociion, with the weight, and fo 
equally moved; In ſuch ditpolition if the power can of it ſelf 
and without an E»gin move 100 pound, and the weight A be 
Juſt 100 pound, it may move that and no more; bur if the 
diſtance B C be greater than the diſtance A B, ſuppoſe double ro 
ic, and being ſo difpoſed, while the weight is moyed one foor, 
the Power C performs 2 feet, then the ſame power being plac- 
ed in C,. will raiſe or overcome 200 in A. 

The ſame-proportion.in a manner 1s faid to be in the 
kind of Leaver, for becauſe the diſtance D F exceeds the diltanc: 
DE, therefore the power placed in F,. will be increaſed accor- 


SYFs 


of the weight from the ſame ppt : and con 
ſuch difpotition the power is lels m 


Of the. Wheel, or Axis, in \Pergrochio: | Fig:-3. 


"T7 He.#beel, or Axis,in Peritrocbio may be varioullyuſed, and this 
Figure expreſſes it ſufficiently, The power will bein” the 


. point F, and the weight in the point D ; ir may eaſily be re- 
:duced-to the Leaver of the firlt or ſecond kind ;. For its. Axis 


a 
Bus, 


AB bath the force of the Hipopodies and becauſe the weight is 
wy 2 | as 3: ok In 
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- taD, its diſtance will be CD and thediſtance of the power applied _ 
in F will be E F; Therefore the ative force of the power will 
. be increaſed according to the Ratio or proportion of the line 
EF to CD, that is, if E F be four times as much as CD, and 
the power withour an Engin may. take up 100. pound weight ; 
it being added to ſuch an Engin may take up or draw 40a 
- pound weight ; Here we ſhall-offer no reafon, but expoſe the 
" precife effe&t and. experience; Wherein we would note one 
thing, that the precite diſtance from the Hypomoclion doth nor 
conferr this augmentation, but that diſtance from whence 
follows. the greater. motion in the. power, will reſpe& to 
the motion. of - the weight, that is, if the Power H fhould. 
draw. by the rope FH, the diſtance HE is notto be re- 
garded, but only FE, becaufe although the length of the 
rope increaſe and conſequently the diſtance HE ; notwith- 
fanding from that diſtance ir doth not follow, that while the 
wegtt is moved ane foot, the power is moved more than. 
our feet. . 


Of the Pulley or Windleſi. Fig. 4- 


2 Rab ſingle Poo increaſes not force; and isreduced to thie- 
Leaver; notwithſtanding being focompoled that the diſtance 
"of the weight and of che Power are equal, and theſe diſtances. 
are DB, BE from the immoveable point B; and ſince no 
Pulley hath motion, bur*about the Fixed+ point-B;. therefore the. 
- farces are nar/ increaſed; if the' principle we proſeente be con- 
ſtirated, becauſe the power is as wel moved: as the weight.. 
*The only benefit that'accrues from the Pulley in-chis diſpoſition, 
is thar the power may be: more . eaſtly* applied; and ito fliun 
the: reſiſtance which may happen by accidenr;' becauſe the tone. 
"being turn'd. abour. an. immoveable Cylinder 3s. frerted- and: 
WOID | 


© The Pulley may be diſpoſed afier another manner. 


Fig. 5.. It ma) 7 be made fo that the whole Pulley. may. mave,, 
fappoſing, one end-of the'rope faſtned&in A, and the weight G, 
: dhe Power by —_ pt reduced-to __ Second kind 
F.Leauer, for the Hypemoclion ip ſuppoſed: in B,' the - weight G 
Ain E, and. the'power E is in Dy, and therefore te alle: 
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of the- power is double. from the Hypomeclion, : and while.the 
weight G aſcends ro H, the Power F will be moved to a 
double diſtance : Ir is not needful here ro ſhew all che: Combi- 
nations of Pulleys, but only in this cafe to ſhew the double 
force of the power, and that force which before was equal ro 
100 pound weight, by this diſpofition may be made cqual to- 
200 pound weight. 


Of the Wedge. Fig. 6. 


$ 64 Wedge is an Inſtrument made of follid matter, as ron or 
Fd ending in a ſharp point or edge, As ABCDEF,, 
ſome Authors ſtrive to reduce it to the Leaver, in which we are 
indifferent, and the Wedge ſeems. to be a double Leawer of the: 
ſecond kind, in which the Hypemoclion is in the line G H, the 
weight in R and K, the Power in.L and M, but how ill they. 
have reſented or reduced it, we will ſhew hereafter; However 
it be, it is certain the force of the Power is increafed by the- 
ſharpneſs of the Wedge, and the accutenels of the Angle, becauſe 
while the bodies which have the force of the weight, go back: 
from one another by the line R K, the Wedge is moved accord- 
ing to the line IO: Add alſo, chart the power which is ſtruck 
. with a blow on the head of the Wedge, makes a greater motion, . 
than the Power which is made by weight lying on the head, of 
the Wedge. | | 


| Of the Screw. Fig. 7- 


s Gor Screw 3s a moſt powerful Machine, or Engin, and is a- 
Cylinder cur with.a wreathed circle about it, which may 
be variquſly 'copſtituted. and made : We ſhalt nop attempr ro- 
reduce it to the Leaver, but 'tis certain, that one man 'who- 
can alone by his own ſtrength raiſe 100 pound, may by this. 
Engin ſometimes raiſe 10000 pound. For let the weight be 
be.D E, the. Power C, in the mean while that the weight is. 
moved. according. to. the diſtance which” is between two. 
wreaths, or ſpires of the Screw, it is neceſſary thar the power. 

laced..in. the point. C. abſolves. or finiſhes a whoke Circle ;. 
- winds. lt the diſtance between the rwo wreaths be equal: 
to. the. line. N. Q, then. ſeck how many: times. the line: N Os; 


"© 
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contained in+the circumference of the circle CK L, if it be 
contained 100 times, the motion of the Power will be,a hun- 
dred fold greater than the motion of the weight, as is proved 
by daily experience. 


PROPOS. II. 


Ariſtotle's Reaſon, why the forces of Powers are en- 
creaſed by the force of Engmes, ts Examined. 


we have often read his whole Treatiſe which he wrote 

of Engines, and confeſs we could never ſufficiently find our the 
univerſal principle of Machines or Engines : For he attempts 
only to give the reaſon of the Ballance, and reduces the Lea- 
wer to the Ballance, and the other Machines or Engines he ex- 
plicates by the Leaver : We ſhall do two things, Firſt, we ſhall 
examine the Reaſon which he offers, as the only true and moſt 
likely for the Balance in the middle. Secondly, we ſhall try 
whether thoſe things which are ſaid concerning the Ballance, 
may be ſaid of the Leaver, and whether thoſe things that be- 
long to the Leaver, may be eaſily applied ro the other Ma- 
chines, or Engines : For he propoſes ſome wonderful things 
from the Circle, and adds, that thoſe things which are done 
about the Ballance are to be referred to rhe Circle, and thoſe 
concerning the Leaver to the Ballance, and all other Motions 
concerning Engins he referrs to the Leaver. | 
Ariſtotle reaſons thus, Every Power moving to the centre of 
the World is born down by a right line, and the weight 
.thruſts forward, or the weight according to its quantity con- 
tributes to ſuch motion ; but when weight is moved in a Bal- 
lance then it is ſuppoſed to deviate from ſuch re&irude, and 
by deviation it breaks off and rerards the motion preſſing for- 
ward from ſuch power, and by how much more the motion 
produced by 3 "rin is retarded, by ſo much. more de- 
, creaſes the force of that power in order to ſuch morion ; bur 
becauſe that which is neareſt the Beam or Cock; (is alſo neareſt 

| the . 


F \ Rifotle is the firſt that we know of that attempted this ; 
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the retaining principal, and deviates more from right motion 
therefore the moving power being applied in a point near the 
Cock, loſes more of its force ; and that which is more diſtant 
from the centre or cock, partakes-le{s of motion ; beſides the 
nature of that motion comes nearer to right motion, and there- 
fore its force is leſs hindred to exerciſe its power, wherefore 
thar weight which is fartheſt diſtant from the Centre is eafily 
moved, and although it be equal to the other weight-weighing 
againſt it, and leſt. diſtant from the centre, it will be. moved 
more eaſier, which to make more plain he inſtitutes a geometri- 
cal Demonſtration in this manner : n 

Fig. 8. Let the Ironrod A B be the Ballance, the Beam or 
Cock A, about which, as abour a Centre, the whole rod'A B 
is moved ; and let the weight be B which deſcendeth by force 
of its own weight, and deſcribes the arch BH; alfo ler there be 
another weight C, which while it deſcends by its own gravity is. 
conſider'd according to the diſpoſition of the Ballance, to 'de- 
ſeribe the arch CDY, leſs than the arch BEH: Suppoſe the 
weight C to deſcend to the point D, and draw the line D E, 
which ler be parallel to the line A B, Suppoſe the weight B to- | 
deſcend to the point E, ſince the natural morion of heavy things 
is perpendicular, the lines F E, G D meaſure-the natural mo- 
tion of the bodies or oo or the motion which is accord- 
ing to their Nature ; Burt the lines CG, FB meaſure the'preter- 
natural motion, to wit, by whoſe force they are retra&ed from: 
their lines of Dire&ion, or perpendicular lines; but F Bis leſs than 
CG; for if equal right lines fall perpendicularly on the Seme-di- 
ameter of unequal Circles, that which is in the Prone Circle: 
cuts of the leſſer part becauſe-the greateſt circle is leſs crooked :. 
Therefore while thoſe two. weights have an equal natural mo- 
tion, that which is fartheſt diſtant from the Centre hath leaſt of 
the preternatural motion, therefore the eafter moved, and there- 
fore hath greater force ro move the other, and conſequently 
comes to E ina ſhorter time, than the weight C comesto D. 

Moreover he adds, becauſe the motion of weight is equak 
in each,' the motion which is according to nature is in it ſelf 
the ſame to. preternatural motion, but it only then happens when. 
in the ſame time that C comes to D, in the ſame time alſo. 
B comes to L ; for then drawing the line I L perpendicular, ir 
wull be as IL to. IB, ſo DG ro GC; in the Triangles AG D, 
ALI (by Prop. 4. El.6.)los I L troALas GD:-to AC; and-as. 
| | A. 
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ADorACtoAGorAK,foisA Bto AT, therefore by divi- 
fion, it will be as IL co 1B, fo GD to G C: When therefore 
it happens only in the point L, that the proportion aforeſaid 
is kept while the point C comes to D, the point B will come 
to L, therefore B is moved more {wiftly. Theſe are Ariſorle's 
words, Quam igitur ob cauſam ab eddem potentia celerias fertur, id 
quod = a centro diſtat, ex iis que difta ſunt eſt manifeſtum. And 
Queſtion 3d. he ſays, Quoniam autem ab quali pondere celerius 
movetur eorum, que a centro ſunt ; duo verd pondera quod mover, & 
quod movetur ; quod igitur metum pondus, ad movens longitudo pati- 
tur ad longitudinem, ſemper autem quanto ab Hypomeclio diſtabit ma- 
gis tanto facilius movebit. 

Many things are wanting in this Demonſtration, Firſt, be- 
cauſe the weight B is more eaſily moved ; he concludes alſo, 
that it hath greater force to move the oppotite weight, but whe- 
ther he hath aſſigned the true cauſe, rhe comparing of the cauſe 
with the effe& will ſhew ; which that we may conſider, we ſup- 
poſe the line A Bro be double the diameter A C, therefore G C 
will not be double of the line F B, therefore will not the preter- 
natural mixt motion in the weight C, be: double to the preter- 
narural mixt motion. in the weight B, and therefore that cauſe 
is not moſt likely and true from whoſe Compariſon the propor- 
tion of the effe& and cauſe is not ſhown : For it is certain, thar 
the weight of r pound inthe point B will be equivalent to the 
weight of 2 pound placed in the point C or T ; Whence we 
deny this concluſion can follow from that antecedent, that the 
weight which is fartheſt diſtant is eaſieſt moved, therefore if ir 
| be diftant a double diſtance, it will obtain a force doubley great- 
er; and neither do Mathematicians deduce their- conclufions 
after that manner ; although while the diſtance increaſes the 
facility to motion ſhould increaſe, ir doth nor follow that it 
increaſes in the ſame reaſon or proportion: And ſo we deny 
the facility ro. motion of the weight in B to be double, ro the 
facility . ro motion which the weight hath in C; becauſe thar 
contrary which is mixt in C is nor double ro the contrary which 
is found in B. 

Secondly, Arifotle ſpeaks of the ſwiftneſs of Motion, and 
from” the Swiftneſs he concludes to the Power moving, which 
we ſhall ſhew to be falſe. ' Ir is certain, that if two Weights 
ſhould be ſucceſſively in the point B, one of one pound, and 
the other of two; nevertheleſs they will be equally or with 

equal 
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equal velocity moved downwards, if they are of the ſame mar- 
rer and figure, or if there be found ſome difference, it will not 
be in proportion to the” weights; Wherefore although” we 
ſhould grant the weight B to be moved with a velocity double 
ro C, yer notwithſtanding the torce of his reaſoning doth"nor 
conclude it to have greater force ro move the other. nd 
Thirdly, what is ſaid in demonſtrating'the weight Bo be 
moved with a double velocity or ſwiftneſs ro' C; he either vr- 
derſtands, while , they.are joined in the ſame ballance;-or fe 
underſtands it while they are ſeperate and in rwo ballances: 
If he means the firſt, there was no need of fo' much reaſoning, 
neither doth that preternatural mixt motion help any thing. 
But if theſe rwo weights. are Iookt upon as Seperate, or in 
divers ballances, thar we may examine what force they have, 
it is falfs thar that which is fartheſt diftarit;*is moved with'a 
double cg _—w ng the doarine eerer = + 
for the ſwinging of divers Pendulums are'perform'd in'equi 
time, to wit, T3 the ſame time that the weight B being ig 
to its own.nature comes to L, in the ſame time the weight © 
wilt come -ro D, alfo they abſolve -cach his” quadrant 'in the 
fame time ; Notwithſtanding if there be rwo' peridulmns C'and 
B,. and the Swinging of the weight B be longer than the ſwing- 
ing of the weight C, ſo thar if the lefler dure'2 minutes; theother 
weight B rakes up almoſt 53 minutes in perfe&ing' irs vibration ; 
Whence howſoever. he explicates this Demonſtration, he wavers 
int all things, and is far from Mathematical conviction.”  More- 
over we will ſhew, that alhough'the' demonſtration-have'fome 
force in thar parr of the Circle, yer” ir brains none in 'others; 
for'in! the firſt place lec'the"lines O H, YK be equal, and draw - 
the'paralletlines KR; 'O Þ; It is certain, that 'O-P is greater 
than K R, therefore if there be a weight in' R 'and another in 
P, one deſcends in'Y "and the other m' H,'the preternatural 
motion will be' more in 'the* weight more<remote; norwith- 
ſtanding" in this caſe the weight 'which-is- at greater diſtance, 
obtains greater force ;" therefore that which-hath-grearer force,” 
is not begar from the leſſer mixture of preterhatural -morion”; 
which may better 'be perceived in the points 3 -and'S$; tor if 
the weight 3 moye to $,, and the'weight'X to-T; the lines V. 
T, S Z' meaſure the preternatural morien, and the ling VWX;" 
Z 7 the natural motion, and the weight X'leaft-diſtane fromthe 
Tentre-or Beam; will 'be IIS by the AT 
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the weight 3, and therefore eaſier, whence it obtains greater: 
force. 
Whoſo diligently conſiders the parts of each quadrant, will | 
find this mixture of contrary: or preternatural- motion to be | 
lefs in the leſſer circle than in the greater.; and the reaſon is, | 
becauſe although rowards the Diameter A B the greater Circle 
Comes nearer to a vertical line, yet towards the diameter R H 
it comes nearer t0-an horizontal line; and fo much for the ficſt- 
part of this Propolitian, | ; 
Fig. 9: That which belongs to the ſecond part of the fame | 
Propoſition, to. wit, although we grant that, which Ariforle 
ogy for the true cauſe, why in the ballance the weight moſt 
iſtapt from the centre hath greateſt force, to wit, that. it hath 
lefs of the contrary or preternatural motion, yet notwithſtand- 
ing we do not find-the reaſon to be tlic fame for the Leaver. 
For the power A, may move Circularly, fo that ir have ntthing 
of Preternarural motion, ſince the power af an Animal is in- 


. 


different to any different place; therefore fince it hath no pre- 
ternatural: mation admixt, the force of the greater Circle doth 
not move caſter than the leſſer, which notwubftanding is con. 
frary 10. all experience. _ 7; Zh 
Secondly, that kind of Leaver. only in; which the Prop- or 
| ion is found between the Power and the Height, may 
properly ys reduced to the Ballance,, but the other kinds nor: 
Properiy. 


@ y 
Thirdly there are divers Machines or Engins which are difh- 
culc ro reduce to-che Leaver, and by.that.means to the Ballancs ; 
and firſt for the. #edge, We ask whether there be 2 Prep on. - 
Hypowroclion, and - to what kind of Leaver it is reduced? Whar. 
Circle is deſcribed from it? Whar is its preternatural motion ?- 
What its natural morion ?. Surely there is. in the edge the im- 
preſſion of the weights reſiſtance to be. exerciſed. in the parts in 
which the body touches, as iv KR ; We ask: in whar point is- 
the Prop ? Where the. length of the Leaver, Which if it. be in-- 
A, according to. the common rules of the Leaver the Vir-- 
tue of the. Power will be increaſt ?_ If *tis ſaid the point of it. $a 
x the. Prop, we will ſhew. 'cis not, becauſe if. the point of the 
Wedge ſhould. be cut off, yet nevertheleſs the Hedge would have 
its. whole force.; If. 'ris.123d. the line KL is the length of the. 
Leever, "tis falls, becauſe-alchough that length be cur ſhorter, yer: 
notwikſtanding the vizrue.of.daviding is not deminiſht which is, 
in . 
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in the Fege, therefore which way ſoever you turn the Wedge, 
you will ſcarce reduce it to the Leavey. 

Fourthly, Much leſs do we own the compariſon of the Lea- 
ver in Screws, which may rather be reduced to the Wedge; 
| for if you own the Axis of the Cylinder, abour which the 

; ſcrew or ſpire is circumvolved to be the Hypomocliom. The. di- 

| ſtance of the Spires or Screws from that Axis,will be the diſtance 

of the woe from the Hypomoclion, according to which di- 

| ſtance the reſiſting power of the Weight is meaſured, whence ir 

[ follows in the Screw, the Cylinder that is leſs than the other 

pairs, more eaſily overcomes the reſiſtance of Weight,, which 


nevertheleſs is falſe:- For neither is this the meaſure of the - re- 
fiſtance of the Weight, or the virtue exiſting in the Screw, bur 


; ought to be deduced from other principles, to wit, from the 
| compreſfion of- the Spires, for when the Spires or Helices 
, are more thick or cloſer together, rhe evo and more poy- 
; erful are the Screws ; Therefore we mult feek. another princt- 


ple of Machines of  Exghis more Cledr and eafie, which bein 
| once conſtituted, the power of every Machine or , Engine w 
: be unfolded, and the proportion of it to the reſilting force of 
| the Weight will be dereRted. | 
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PROPOS. -IIL 
Archimedes reaſo# Exammed. 


Fig. 10, .N Rchimedes in his fixth Propofition, - uiponder onder a= 
$ tins, arid many others aftethim, Popnow 
t& eſtabliſt as the chief principle of ines or Engins, that in 
the Ballantce, if the weights and their diſtance from the Cencre 
be reciprocal, >ey confiſt and counterpoiſe each other. 
, - Ini the firſt place, we referr this to be ſertled by the reverend 
hauls Father! 


» 
- 
li. 
— —_— 


| 3, and what power his demonſtration may ob- 
-B ro be a Rod cf alike weight in every patr, 


fairy ;' tuppole 

por os kay in themiddle in C, and uriderftand C co be the 

Centre of Gravity, and CD to'be drawn through perpendi- 

cular to it; by the point D draw an iron rod DE, which. er 

be {o alike for weight as to es gs it wanting all weight, _ 
> . 


PE ITE - v Ce 
Re, . 1 , 
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Tet DE be greater than the half of CB, and make GD equal 
o-I B, and HK equal to the line A H; when the lines CI and 
I B (equal roH C) are added, H I and CB will be equal, and 
ſo H I will be equal to the half CB, and the remains A H, 
I B together are equal to the other, half; and becaufe A H, 
HK are <qual, being taken from the two equal aggregates 
HK, KI, AH, IB, thelines K1, I B will be equal. . Lettwo 
Threds or Lines H G, I E hang up the rod AB, and faſten it 
ro the rod G F in the POIge D, which anſwers the Centre of 
gravity C, the line from whence 'tis hung up. being perpendi- 
cular with the line D C,. anſwers to the Centre of gravity C ; 
A B will remain equally poiſed, or in Equilibrio, 

© 'The Demonſtration. Let the Rod A B be really. divided in the 
point K, thar is, ſeperate the Union, or cut it in two. Firſt, 
ſince A H, H K are equal, neither will preponderare or out 
weigh the other; moreover fince K I, IB. are. equal, neither 
will prevail,” wherefore as yet they will remain in Equilibrio-; 
therefore the whole line will. remain in the ſame manner as be- 
fore,” being hung by .the fame. point D, therefore as. yer the 
whole line will be in Equzlibrio : But fo is the diſtance H C of 
the weight A K from the Centre, to. C I the diſtance of the 
leſſer weight K B from the ſame Centre, as the weight K B to 
the weight AK; forſfois AK toKB, asits half HK or CI 
is toKl, orHC its equal ; therefore we have this in Equili- 
brio while the whole weight A_K is ro the-weight K B, as the 
diſtance I C to the diftance-H:C' reciprocally, which was to be 
demonſtrated. 

We will conſider hereafter whether this Demonſtration con- 
vinces, and aſſumes nothing as now proved, which notwithſtand- 
ing ſhould be demoaſtrared. ' PS WO9n P9 PAgOeT 
, og. ns. Archimedes.a little after endeavours to prove this ſome- 
what otherwiſe, ' and he ſuppoſes the. Iron Rod.co, be; A B, and 
he ſubſtracts from its gravity that which is hung in. the middle 
point'G ; he hangs 6 equal weights, here 3 and, there 3;-at e- 

ual diſtances, *tis clear that they are in. Equilibrio, he ſu 
ns ſo that all thefe weights are alike, and equidiſtant, be- 
tween themfelves : Alſo he ſuppoſes. any weights to gravitate 
and operare in the ſame manner, as long. as they retain. the 
fame common centre of gravity. | | 

The Demonſtration is clear, in caſe the weights be diſtribu- 


ok mon 
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buted according to the diſpoſition unfolded, before which com-- 


I EE A NE Ce 


EE I I EE Lt 5 oi > LEE 


_ centre 


bur if you confider 4, weights BC DE wh z 
ty. will be in the point I, and the centre of gravity: of. the 
weight FL is in'H; wherefore the weights will gravitate-in 
the ſame manner, howſoever they are difpofed, they keep in. 


- 
. 


manner their centre of gravity in the ſame point H; therefore 
conjoin the” weights F and L in the poinr H,-. and conjoia the 
weights BE DEin the point I, or fo abour the porn I, that 
Heir centre of gravity may be the point T. DE EE 
Fig. 11. All theſe weights will gravitate-in the;ſame.man+ 
ner in this diſpoſition, as in the former; Bur - in-vthe forme? 
they were in Equilibro, therefore in this ſecond diſpoſition they 
will. be in Equilibro ; But in the ſecond _ caſe, ſo.ische wei 
BCDE to the weighr F L, as the diſtance G H to the diſtance 


G.I therefore it will be in . Equilibro,, when as weight is to- 


weight, ſo is diſtance to diſtance reciprocally. 


Theſe Demonſtrations are ingenious, but they do bay-ſup- 
Sfodghe: 


poſe rhoſe things to be the principles of Znginr whith i 


For firſt of all in both Demonſtrations he mentions the centre 


of gravity but it i5\not: known whar that centfeT ig} and this 

of gravity can hardly be proved,-unleſ&:th conſti- 
tuted/aicommon: principle 'of ary aw 3-1n«the.:4firſt;; although'it 
ſeemsclear enough. that the-diviron.being;:mdde}itthelpeint;K; 
the lines A K;, K Blie-in a:direc: fineyibecatiferthar! Þtirts 
A Hf, HK-and K1;i IB areiequaiy[Norwichſilmllibgntedoriine 


appear to me. that they ponderatein'theiſarkemamey; 1thedi 
viſoo being made as before ;; For the part: @Kzbefore:the:divi. 


ſion, exerciſed its: gravity.) with the othecipart>K:Bj ahd-ias 1 
may {ay was;ſtaid by its patts:: iBut-the Usias looſsd; it 
exerciſes nOw-its Own gravitarioh; rogethermvicks part 
A,C;iWhence althoughir werebcftiteath 
nor. that. itibeing ſeperated: the-Eqy-hibiwnnt thimaineit 2110 12A 


I fay the fame of Archimede's demonſtration; for Teaijor grant. 


hay edtively ro another- weight, ſo often' a&irfey "Thang 
not.-the proper centre 'of gravity 7 If i one'caſe; Sie of hen 
wilt be foundon one'part of the centre; andirvthe afteivievnall. 
decline to'the- other 'parr-; thar is, *tis 'doubred' whit AE. 
weight E tranſported in 1 being united with other! weights. BC. 
A EVOLSY ON & ICAAPT 01 THUS RHICS CORN IH I EG, 


nfre of gravi- 


irfollows 
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mon centre of gravity of all the weights gether will be in:G; 
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DIRGE: ſame point I, harh che ſame force, and nor greater, -or 
MT 77: 

' And that we may ſhew the Principle ſought, the definition 
of the Centre of, gravity is commonly thus given, to wit, 'cis 
the, point dividing the heavy body in two parts of equal. mo- 
ments, -but moment is not  fimply the weight of body, but 
grows together from the weight and diſtance, therefore to the 
underſtandivg of the Centre of gravity the conſtituted principle 
is ſuppoſed, whoſe reaſon we ſeek; viz, Why weights by rea- 

ſon” of their greater diſtance from rhe Centre have alſo greater 


force ro move. | 


AAS. ad Ld Cera tin at _ as PO" IO I"Y RY OF 
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PROPOS. 11: 
"The true Reaſon of \ increaſong power by Engins.. 


w115433 2533 ; t_ i\ 4% K.3 
Be; ne require of us a ſtrift demonſtration here, 
if Y- decauſe we are buſicd im phifick matcer, and we 
incipal of natural and 1c mocion, which per- 
Lananny — muſt op Pon al. 
(the-rhing, yet by removing things out 
open a/door. to let into it, herefore 1 hal 
ds, thar-ſo-if one arrive nocr-at ir, T may 


many 
-another: Faſt, in the ballance 1 will e 

| in, while the weights and diftances 

it'is in Equilibro; As if in" the 

f.ewo pound: is tothe ' wetghr 
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. Firſt, 1 ſuppoſe any heavy body to reſiſt a, motion upwards 
and the greater it is,. the greater motion it wull- reſiſt ; {ſo that 
a greater Violence or force is required. to move upwards 2 
weight of 1 pound the ſpace of rwo feer, than to raife'the ſame 
weight. but one foot high, or at leaſt it requires a force'to be 
applied, of a longer continuance of time. 

Secondly, I ſuppoſe while the weight is moyed downward, 
the weight on the. other part, of it may move ſomewhat up+ 
ward, ſo that it may overcome the 1cliftance which the:Q 
fire weight hath ro: motion upward ; alſo while pn (rv 
moved more. down or lower, it produces a greater Jmperes, to 
gether with that motion which would. have bin if the motion 
had bin leſs; this laſt part of the ſuppoſition ſeems hard, there- 
fore I ſhall explain it more largly. 1 i ts 

I Suppoſe thirdly. ſome - preduQtive cauſe of motion to be 
given, diſtin&t-for the moſt part from: che principal. agent tai 
which motion is aſcribed,as in things proxed or caſt from one; 
I think in good Philoſophy it can ſcarcely be denied; ſach hke 
cauſe beſides motion which is ſucceſſive, and no- part whereof 
exiſts with the other; and therefore the other cannot! be the 
cauſe, for every cffeRive caute atterh not, but-/when i exiſts; 
Therefore while its ation exiſts, it ſelf alloexifts; and while 
irs ation exiſts the efteQ, exiſts by ſuch aRion produced: There- 
fore while any effe&t is produced and exiſts, its cauſe exiſts, bur: 
while one part of motion exiſts, another part exiſteth'nar, there- 
fore one part of mation cannot be produced from another, and 
therefare another cauſe: of motion ought to- be admitted; bur: 
this cauſe is not the principal agent to which | motion! is 
attributed, for firſt in things projeRted, the hand which-thiows 
the ſtone is not avy more zoin'd with the ſtone in-conveying. 
it through the air, and therefore produces nothing: further, 
neither can that be attributed. to air that fome do, to: wit, that - 
the hand while it Impels the; Stone, impek likewiſe the conti- 
g90us air, and that air other air, untill it make a Circulation; 
and this laſt air carries.the Stone farther ; but an the commary, 
in the fame preciſe Moment and time wherein the Srone joined. 
ro the hand. moves the air juſt before it; ( fince-Penerration iv 
not granted ) in the ſame tune alſo this air .moves the” follow-- 
ing air, and, ſo conſequenily makes the. whale Circulation at» 
the ſame preciſe time, and there is found only the: priority of- 
dependence. Suppoſe. the motian of the Stone. to be from the- 

PONG 
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"A to'B, and inthe ſame preciſe time it makes the whole 
Circulation,-and the air 'which was in E follows in F, neither 
hath-it/ greater force ro farther motion than it hath, from the 
Sr>ne -|Fons the followirg time I ask whether the motion of 
theair F depends on the morion of the Stone, or the motion 
of the Stone on the motion of the air, if you fay the firſt, 1 
demand again” from whence the Stone is moved, if the ſecond, 
Fas: from wheneethe' air is moved, for the paſt motian of 
thesftone cannot?be'rhe catiſe of ' motion of the preſent air, 
therefore it is 'necelary to fay fomerhing is added to the Stone 
from whenceir'is carried through the air, and this I call Imperus, 
or force, whatſoever it be. - 

: Moreover: I will ſhew, Impetus being granted, viz. While 
a body deſcends ir ſeems to me a reaſon to © be alledged, why 
m'the firſt ſpace of 'time'the body deſcends one foot, in the 
| ſecond three, in the'third' five,” in the'fourth ſeven, and fo on, 
unleſs the -continual- production of ſome Imperus be admitred, 
which is the immediate -produttive Cauſe of motion, which 
Impetus is permarient and may be increaſed. 4 
- Alſo in follows, that- a ſecond'-Tmpetu? is not produced, -un- 
les the firſt> kathi and prodices fome motion, let. two weights 
be ded? Iii: the'air,” each produces ſome Impetus iti it fell, 
and-4lfo: in the-body: which they hang on, ler one weight be 
moved.iby the ſpice of "three inftantes, or moments, 'ſo that 
after. that third inſtant ir hath'an Þ-pervs as three, ler down 
the ſecondweightiin the begining of the fourth Inſtant, where- 
foze i&haitrinor” che Tmpetus 4s | thtee'as the ocher weight; be- 
cauſe(you!l Gy )/ir remains unmoved, and the other is mov- 
edz therefore? morion is'- the ' condition ro the producing a 
farther: Taperus, ar leaſt ſtich motion whoſe Impetus is accord- 
ivg to:narure.: ''' Hg TEA 5790 #5." 

+ Which-IſhalHlikewiſe- make good from other*experiments: . 
Firſt, why white drive' a-*nail-with 'a'hammer of a:longer 
handte 'Iprodaceiaiſtronger blow; or '{troak; in like” manner, 
if Fliftthe arm and the: hanimer higher,' fo rhar ir deſcribes a 
greatericircle; the ftroaki is made 'more' valid 'and ſtrong; no 
other i reaſon +canibe: given, bur that by the greater 'morion 
( whether as the condition; or'as the cauſe, it 'matters not ) a 
ſtronger. impetus -i8' produced, 1o' that the power unleſs it he 
moved;:mever- produces” in the begining of its motian, fuch 
Impitus:in \the nail; 'how' great: ſoever the endeavour be;” as it 

produces 
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roduces while it hath ſome motion ; ſo that if 1o men preſs 
with their weight upon a nail ir doth not enter the wood fo 
well, as if it be drove with an hammer by one man. 

While any one runs a pace, if- his feet be ſtopr he cannot 
chuſe-bur fall ; and ſo a horſe on full ſpeed can ſcarce be held 
in, whence they lift up their fore feer, as it were a contrary 
motion to aſwage every Cconcieved Impetus; While a boar is 
carried with a great Impetus, and is fuddenly ſtopt art the ſhoar, 
all that are in the boat are moved, becauſe now the concieved 
TImperus is conveyed farther they bend forward veing tops ry 

And I ſhall ſhew that a weight of one pound placed a little 
farther from. the Centre than another weighr of one paund, 
will raiſe it up ; ſuppoſe two weights equal each to one pound, 
ſo. placed in a ballance that one is double the diſtance of the 
-other from the Centre; whence I thus argue. Fee 

The weight of x pound while it moves downward 2 feet, 
may over come the reſiſtance which a weight. of one pound 
bach to motion: upwards one foot : therefore if they are o fit- 
ted in the ballance, that while one is depreſſed 2 feer, the 0- 
ther is only raiſed 1 foot, it raiſes , that upward; The antece- 
dent is. proved, while the weight of one, pound is moved 
downwards 2 feet, its ative force or Imperus which it puts 
forth. together with ſuch motion, is preciſcly equal to that 
. refiſtance which the oppoſite and equal weight hath to motion 
upwards two feet, but the reſiſtance to motion upwards one 
. foor is leſs than to. motion upwards two feet; therefore 
while one pound weight is moved downwards 2 feet, the o- 
ther pound weight may be moved upward one foot; But when 
two equal weights are. ſ0,placed_ in a; ballance, thar” one is 
doubly diſtant from the Centre to. the other, it alſo effeRs a 
donble ſpace to that whichits oppoſite effeRts ; therefore we have 
one reaſon now, why between equal weights that which is far- 
theſt diſtant from . the Centre is deprelied, 'and raiſes up its 
oppoſite weight, which . may be alfo proved in this manner; 
when two unequdl weights are equally: diſtant from the Cen 
tre! the greater. raiſes the leſſer, becauſe the parts of motion 
downwards are more than thoſe upwards, and in like manner 
when equal weights are ſo placed in a ballance, that one is 
farther diſtant from the Centre than r'other, the parts of moti- 
on downwards will be more in one than the parts of motion 

| | up- 
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upwards, are in the other (or its mpoge) therefore the 
weight which is fartheſt diſtant from the Centre will raiſe the 
other oppoſite being equal ro its felf.” © | | 
The motion upwards of 'heavy-thingsis againſt nature, and 

the violent thotion of them downwards is agreeable to nature; . 
but how much that is which is againft nature; fo much is the 
reſiſtance to that ;. and how much that is which is agreeable ro 
nature, ſo much is its inclination and ative force'to overcome 
the oppoſite reſiſtance; therefore where" there is a greater mori- 
on. downwards than the motion upwards,- the aCive force of 
reſiſting will overcome. © exe Sag 

The ſecond reaſon is; a greater Imperus is required to move 
' the ſame weight a greater ſpace than leſs, whether the whole 
" Inpetus be produced rogerher,' as happens in things projeRed. 
or. thrown ; or ſucceſſively,as when a weight is drawn. 

| Allo a greater Impetus is. I to moye a greater weight 

ſome ſpace, than to'move a lefs weight the ſame ſpace; whence F- 
" thusargue,an Impetxs which is required ro move a weight.of two 
' pound one foor, is double to the Impetus which: is required to 
. move one pound one foor; But the Imperas Which is required: 
to move one pound, two feet, is in like manner ouble to thac 
© which is required to move one pound one foot; therefore the In 
Eg whichis required ro move two pounds one foor, is equal ro. 
' the Impetusneceſſary to move one poundtwo feet,for thoſe ſame 
' things which. are doubled are equal among themfelyes : Bur. 

when two weights are fo placed in a ballance that the weighr- 
"of two pound. is diſtant from the centre one foot, and the. 
_ weight of r pound is diſtant two feet ; while the weight of 
"x pound is moved, downwards two feet, the weight of two 
JO909 elevared one. foor ; and one pound weight as moving 
"downwards two feet is in Equilibrio with one pound moving 
"upwards two feet: Therefore ane pound moving 2: feer, will. 
' bein Equilibrio with 2 pound moving upward 1 foot. 
And that we may render the ſame reaſon more univerfal, 
and thar we may apply it not only to weights and/ballances, 
' bur chat we may exrend'it to all Engins in general: Suppoſe as 
before, by how much more the power is that is wioveiby ſo. 
* much the greater and ſtronger is the Impetus produced ; there=-. 
fore if a power while it is moved 1 foor can move 100 pound. 


x foot ; while the fame power is moved two feet it will move 
| 200: 
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200 pound 1 foot ; to clear which point, ſuppoſe for explica- 
tion ſake a certain opinion rejefted by moſt Pbiloſophers, to wir, 
that time increaſes or grows from indiviſible Inftanrs ſucceed- 
ing each other; fuppole likewiſe that which neceſſarily follows 
from ſach an opinion, to wit, the ſlowneſs of 'thotion is poſited 
in more or leſs little Staies of reſt; which-opition T-do-not pro- 
poſe that in it I may found my reafon, but'only that I may 
ſhun that confuſion which the common ſentence , Cott= 
cerning the continued compoſition from parts infinitely di- 
vifible ; for when they treat of this infinity, "tis no wonder if 
they. mix obſcurity and darkneſs together ; Therefore ſuppoſe 
a power which while it is moved one point 'may move 'r00 
pound one point, and being fitted 'in an Engin fo that while the 
power is moved two points, the weight is moved only one poinr. 

In ſuch a ſuppoſition, the power will be moved the ſpace of 

one point, the weight all the while no ways reſiſting ſuch a 
motion, becauſe the weight as yet is at reſt, bur when the 
power is moved to the ſecand'point, 'it hath a double Imperus, 
viz. the Impetus produced in the mean time whilevir is'moved 
through thoſe rwo Son but a double Impetu;/moves a double 
weight; therefore the power which is moved two points will 
move a double weight one point; if it be'fo fitted in an Engin - 
that neceſſarily its motion ought to be double ro that which 

follows in the weight: | 

And although this opinion Concerning continuals ſhouldnot 
be true, and tis power ſhould never be moved bur the weighr 
ſhould be moved alchough ſlowly ; nevertheleſs ſince a power 
exerts a greater Impetus when it is moſt moved ; as often as the 
motion 1s greater in it than in the weight, ſo often the Im- 
petus Will be greater in it, than if it had bin moved equally 
with the weight; bur a greater Impetus' Can overcome a greater 
weight, therefore a greater motion of a power 'compated 
won lefler motion of 'a weight can alſo overcome a greater 
weight. E.>0i 
To make it clearer, 'Suppoſe, to move' a weight of 190 
pound one foot, an ''Impetus 'be' required as + which the 
power A may produce, and as I may fo' fay, to lift ir up while 
it is moved one foor; there will be required rto'move a weight 
of 200 pound one foot,an Impetus as 8, but an Impetus as 8 is pro- 
duced from a power if it be moved-z feet; For more Impetus is 
produced from a power while 'tis moved two feet than m_ 
D 2 5 it . 
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*tis moved one | foot, therefore- that principle remains, wiz. 


The Power as moved 2 feet effefts the ſame, as two powers. 


which are moved only x foot; and we muſt not think Impetus 
ro beſo fluent -of nature, as not to maintain; and as it were 
heap together, that is, if the power be moved for ſome time. 
it ſhould: not. increaſe, alſo its intenſive Impetus. is not reſiſted 
by - ſuch impetus; in like manner, a weight is not ſuppoſed ſo 


to reſiſt a leſſer motion, as. a greater ; whence if a power be. 


fo compared with a weight, that while it is moved 1 foot the 
weight is neceflarily moved the ſame, and the reſiſtance of the. 
weight is-greater as moving one foot. than:the Imperus which 
is produced from the 'power being moved 1 foor, no motion 
Gallons bur if '*an Engin thus diſtributes the ſame Imperus, that. 
the whole be Imployed in moving the ſame weight half a foor 
it will make ſome motion. | 


Nevertheleſs becauſe this thing iis of ſo great moment, and' 


contains the moſt univerſal--Principle in nature, therefore 'cis 
worth our while to proſecute the ;thing, a little farther, and. to. 
apply it:in every part that it may appear more plainly. 

I ſuppoſe firſt, that *tis equivalently the fame thing to apply: 
a motive:power as one, ſucceſſively ro move a body, ſuppoſe rhe 
ſpace of 5 feet, fo that it move in. the firſt. cime the = of 
xr foot, moreover the ſame power moveth in the ſecond- time 
by- another, and- fo on; and/to a five moving Powers 
Succeſlively -as one ; of which,to wit, the firſt moves in the firſt 
time 1 | foot, the ſecond in the ſecond time following, the 
third by the third; and ſo on; for the moving power as one 
if it be applied 'ro the ſecond- time, may as well move a- 
nother. allo like it ſelf, therefore the ſame will be Equivalent 
whether the ſame motion continue, .. or another like to it be 
Subſticuted. | n | 

Secondly: ſuppoſeito move. or.;ſuſtain a body, to be the 
fame, as to apply five powers each of which is a-power as 1, 
and to apply: v ſa that it may. be a-power 'as 5, as:if in one 
ballance you put a body:;off Gold-of-.one; foot, the ſame will 
our weigh 5: bodies of. each-z foot; of another marter, which 
s five times: = apo than Gold, - for neither hath the moving 
virtue in it ſelf, as the firſt quality ; for if 5 heats or warm 
things are put as i, they can never be, produced in the Subje& 
bur as one-heat : But and if 2: Powers are ſufficient to move 


each. of them a weight of x0Q pound, If they are joyn'd and 
| CONCUr 


Book TI.. Mechamck Powers. 2H 
concur together they will overcome or move 2 weight of- 
209 pounds; This rule is common in all Equivocal Agents, 
ſo if the powers of two candles in fome determinate place, 
each of them produces 1 degree of light ating together in the 
fame place they produce a greater degree of light; ſo while the 
Sun in an Ecli 6 is hid in ſome parts, the light Shineth more 
weakly, therefore in thefe caſes extenſion begets intenſion,or 
is equivalent to It. 

Suppoſe - rwo men move nnequally, ro wit, with a double 
velocity. one to the other ; what is in one that is not in the 
other; And firſt ir is certain that the motion of the one is 
always double to the other, ſo that while one is moved one 
foot, the other only moves half a foot; and while the firſt 
paſſes over half a foot, the other paſles over a quarter of a 
foot; and in whatſoever time allignable,. the parts of motion 
in the one are more than in the other, whence "ris certain in 
the ſecond place, if the motion of the power confers to this - 
that ir move the oppoſite weight, while the power hath greater 
motion it produces a greater Impetus in the oppoſite weight, 
from whence the argument may be formed. 

A power advances its force by motion, therefore while *tis 
moved-with a double velocity, 'tis equivalent to a double force, 
bur a double virtue or force can move a weight doubly greater, | 
or as great again, therefore a power moved with a double ve-- 
locicy can move a weight doubly greater; the firſt Antecedentr . 
is Certain, for a power however it be applied will not move 
unleſs it be moved; whether its motion be the condition to this - 
that moves; or whether the motion it felf be the immediate : 
cauſe of motion,it matrers not ; neither is there need to cxamin - 
theſe things, fince divers explications arife- from divers -phiſical . 
principles: For ſome acknowledge no motion which: rakes 
not its riſe from Impetus or force, and conſequently ro produce 
a greater motion in a power, they require a more ſtronger Þn-- 
petus; therefore if a power be moved with a velocity double - 
co the weight, it produces an Imperus doubly ſtronger to thar 
which it would have had it it had bin moyed equally with the - 
weight: Bur if it be moved equally with the weight,: the Im- 


'petus Which is produced in it ſelf ſhould be ſufficient ro move - 


100 pound ſuch a fſpace;. therefore if ir be moved with a 
double velocity ir will move 200 pound the ſame ſpace; being . 
explained, we'll Suppoſe a free. Power io impel lightly ow E 

weight. 
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weight, ſo that by the force of its impreſſion it is not moved, 
it will uſe a greater endeavour and at length moves it. I ask 
what makes that greater endeavour unleſs a more ſtronger 1m- 
pets be produced ( ſuppoſing always that ſuch Imperus is grant- 
ed) bur if the power it ſelf be moved more ſwiftly, it pre- 
duces a greater Impetus : Therefore by the greater motion of a 
wer is adhibited that which is neceſfary, that a weight may 
e moved doubly greater ( or as great agaiw) each part is 
proved, to wit, while any body is moved more ſwiftly a 
ſtronger Impetus is produced; or the intenſe motion bein 
Secluded what way ſoever from Impetus, the ſucceſſion . of ſe 
much local motion is agreeable with intenſton; For the velocity 
of motion is ſome perfe&tion which cannot be explicated, be- 
-canſe of the ſucceſlion of motion, and the infinite diviſibility 
of time. Notwithſtanding in each opinion, velocity or Swift- 
neſs is ſaid to be ſome perfection of motion : For ſuppoſe in 
Fig. 14 ſome motion in Angles, in as much as ſome think them 
indiviſhble, let ABCD a potent angle in one inſtant alſo 
indiviflible be ſo moved, that leaving the former ſpace A BCD 
it poſſeſſes the next following CDEF, Suppoſe another angle 
or as ſome call it, a Phyſical point GHKI be fo moved; in 
the ſame indiviſſible inſtant, that leaving the former-ſpace G H 
K I it polleſſes the ſpace LMON, Surely the former motion is 
A more perfe& motion than the ſecond, ard therefore if there 


be required an Impetus to motion, there is required a more - 


ſtronger to effe&R the firſt motion than the ſecond : Bur if no 
Impetus be required, but inymediately motion be produced 
from the power, there is required a far ſtronger endeavour to 
obtain the former than the latter ; Wherefore to conclude the 
greater endeavour ofPower moveth a greater weightthanalefer 

ut-a greater endeavour of power is advanced while 'ris moved 
ſwiftly than while ſlowly, therefore while a power is moved 
Twiftly, ir alſo moves a greater weight. 

Alfo the firſt conſequent is plain, ro-wit,. (- while a power 
is moved with a double velocity *tis-<equiyalent - zo. a double 
power ) for ſure iris, while any power adhibits.or uſes an en- 
deayour doubly greater, *tis equivalent torwo powers. each ad- 


Hibicring or uſing an endeavour doubly lefſer. So one horſe if 


he endeavours much, may draw a determined weight, which 

he may draw twice as eafy, and without fo great endeavour,if 

.another horſe be joined with him co aſſiſt. Wherefore if it - 
| mMmoy 
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moved more ſwiftly it will be equivalent in order to'move a 
weight of a greater force, although ſomtimes the weight doth 
not increaſe its motion ; for if the motion of the power be in- 
creaſed,the motion of the weight is equally increaſt. A power 


moved more ſwift will indeed be equivalent to a greater, bur 


all char perfection which happens to it from motion relates to 
the making the motion of the weight greater, for a weight of 


a greater motion refiſterh more, therefore in motion thefe two 


are always taken for the ſame, ro wit, to move a greater 
weight to a leſs ſpace, and a leſs weight to a greater ſpace; 
for as to move a greater weight a greater endeavour is requir 

ſo to move a weightto a greater ſpace, a greater endeavour is. 
alſo required, The whole artifice of Engins then conſiſts in- 
comparing the greater motion of the Power with the leſſer: 
motion of the weight, and according to the proportion of ex- 
ceſs the Force of the Powers are increaſt ; becauſe powers in- 
creaſe not their. force bur by morion, - and therefore motion: 


doubly ſwifter, produces Imperus doubly greater, 


ew. Ah 


PrFOFOS WF 


Moveable bodies are equal m force whoſe Magnitudes: 


and Velocities are reciprocal. 


'T is certain, that the ſame body moved with unequaÞ{wift-- 
neſs, will -have unequal force; alſo a greater body moved: 
with the ſame ſwiftneſs asa lefler, will have greater force ; and: 
we ſee likewiſe in Engins that weights may be ſo diſpoſed. 
from one place to another, that the motion which ts made from 
one hath the ſame proportion to the morion of another ; and: 


alfo that weight to weight is made reciprocally in Equilibro, 


fo that the. double celerity or ſwiftneſs of one pound, will be- 
Re to the Subduple celerity of two pounds; We-may: 
alfo transfer the ſame principle ro other moveable bodies, al-- 
though they are ar liberty, that is not being diſpoſed in any: 
Engin : For it hath not lefs force when it is free ard looſed+ 
from Machines or. Engines than when it is faſtned to ſome Body, 


L 
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but x pound with the velocity as 2, is equivalent to 2 pounds 
' having the velocity as one : Therefore alſo without an Engin, a 
moveable body as i with a velocity as 2, will effe& the ſame as 
a moveable body as two with a velocicy as 1. The reaſon is, 
becauſe the motion or degree of velocity is the ſame in both, in 
2a greater body they.are fewer in each part; in a leſſer more. 
Neither is there any other reaſon, why while they are joined 
in Engins they are of equal force,and one extenfion-compenſates 
another, and without an Engin the ſame will not happen. 
Wherfore the. moments or forces of equal bodies, or the 
-parts moved are to one another, as their velocities; and equal 
velocity, as the —_— of bodies; for commonly, moment 
and force, and'parts moved, ſignifie the ſame, except ſometimes 
moment 4ikewiſe is attributed co bodies at reſt, which have 
notwithſtanding an aptitude ro motion, wherefore what we 
ſhall ſay concerning moments may be ſaid of forces. | 

If 2 unequal moved bodies -be compared, their force or 
moved ow will be in proportion-compounded of the propor- 
tions of the bodies, and of their velocities, becauſe every part 
of a body is ſuppoſed ro be moved with the ſame velocity, 
or degree of force ; whence ir happens, if the motion of one 
body be communicared to another equally,”the velocity will be 
equal, if rhe velocities of the greater and the magnitudes of 
the bodies be reciprocal. 

*Whence we conclude,if a moved body runs againſt another 
body at reſt all reflexion being excluded, to wit, if each body 
be ſoft, chey proceed together, and the velocity of the former 
will be to the velocity of the aggregate of the whole, as the 
whole aggregate to the firſt movent reciprocally ; For ſince jn 
the former there are ſo many degrees or parts of motion, and 
each of irs parts are diſtributed in the aggregate ; to get the 
velocity of the firſt movent,' the quantity of motion which is 
always the fame muſt be divided by the number of parts of the 
aggregate; Therefore the ſame number of parts of motion. is 
generated from the aggrega'e ; in its velocity, as from the firſt 
movent in . its. velocity. Therefore if' you diſpoſe the aggre- 
gate, the firſt movent, the velocity of the frk. movent, and 
the velocity of the aggregate, ſince the re&angle of the firſt 
and the laſt is equal to the reftangle made of the 2 means;; 
fo will. the aggregate be to the firſt movent, as the velocity of 
the firlt moyent to the velocity of the aggregate, 

We 


We muſt reaſon after the ſame manner in other caſes which 
may happen; as if there be rwo equal moyents)or bodies mov- 
ed) which are born in the ſameparrt,one hath the velocity as 4, 
the other as 8, and the more Swift incurs or meets in the leſs 
Swift; I ſay after the meeting, the velocity of the Aggregate 
isas 6 ; for ſince the Bodies are equal, the parts moved wilb 
be as the velocities 8 and 4; wherefore the motion in them 


will be as 12: but after the meeting the parts moved ought” 
to be the ſame ſo many, therefore the motion in the whole }. 


aggregate will be as 12, and in each body as 6; therefore the 
velocity of the leaſt, before their meeting was 4 angfaffer- 
wards 6; ang of the greater 8 and after meeting bur8! . -.. 

Thirdly, if two. equal bodies with equal velocities'meer each 
other, excluding all reflexion, they will reſt, becauſe theſe 
velocities meeting one another, deſtroy each other, as when 
you put contrary qualities in the ſame SubjeR. 


Fourthly, if 2 unequal bodies, ſuppoſe 2 globes one of one 


pound weight andthe other of 2 pound, meer each other di- 
reQly with equal velocities, ſuppoſe as 4, the Aggregate fol- 
lows the direction of the greater, and the velocity will be as 
r +, for the quantity of motion in the greater is as 8, in the 
lefler as 4, while they meer each other tne motion of the lefs as 
4 derradts ſo much from the grearer, therefore the quantity 
of motion remaining is as 4, .to be divided by 3 pounds, there 
will be in each pound, one degree and +. 

Fifthly, if rwo equal bodies with unequal velocities meet 
each other, fuppoſe one hath velocity as 2 the other as 4; after 
——_— Secluding refleQion, the quantity of motion remain» 
ing will be as 2, cach being divided, and therefare the aggre- 
gate will be moved as r. 

Sixthly,Suppoſe two unequal bodics one whereof is one pound, 
and is moved with a velocity 4s 3: and the other is 2 pound,and 
hath a veloCity as 4 ; the quantity of motion in the firſt is 3, In 
the ſecond 10, for when they meer, the lefſer quantity deſtroys 
ſo many degrees of r'other as ir cont:ins it ſelf, therefore, there 
remains 7 0 be divided by 3 pound : Wherefore in the whole 
aggregate there will be 2 degrecs and + of velocity. 

Fig. 15. If 2 unequal Bodies be placed in .tewe equal 
Branches or Arms of a Beam ( as a pair of Scales) I fay the 


velocity of the greater only will be to the velocity of yok 4p | 


Ee 2 


gate, as the aggregate 10 ihe greater weight. Su 
E weight 
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weight of two pounds, which if it be moved alone from A in 
B-with a velocity as 4. Put-on the other part a moveable body: 

$.1;3Which ſappoſe to. move downwards with the ſame velocity : 
Knd theſe, weights being: compared-as two meeting. each other 
With equal -velocity, wherefore ſince the quanticy- of motion: 
in the greater is 8 degrees, ;and-in the ſecond 4,.,and ſuppoſing: 
them: contrary to- each- other ;-the- motion .u4þ the aggregate 
remaining 1s. a$.4 10 be divided by 3; the. veldCity therefore in- 
each will be as: 5. | | "WP | F 
_ If there ſhould be 2 aquitiParſiine: placed in two. unequal. 
Branches, the manner of reafoning will be the fame. Suppoſe 
then the weights A and-C to be equal, butthe gi 


the weight A will be double the velocity of the weight C,. 
wherefore the quantity of motion in A. will. be double: Sup- 
poſe the motion in A as 8,: in C as. 4, which motion ſince *ris 
contrary. deſtroys from the-motion - of -the- weight A, 4. parts, 
chercfore. there remains.4 parts to be divided, ſo that. thar of 
the weight A have 2 parts, and that of the weight C, x part, 
Therefore there are in A 2 parts and-+; and in C1 part and =. 


FOR —_— 


"_ : *F ca RR. -2 Lend _ 4 


PROPOS. VI. 


Concerning the Peoportion of weights, on the ends of the 
. Arms of a Ballance, Vartnſly placed from the 
Horizontal {ne. | 

Bo. 16. THe proportion of a weight in C to the ſame weight 
; I in F, will be as. the whole Arm BC, to its. part 

BR «, being placed berween rhe Centre and, the line of inclina-. 

tion F « M, which the weight freely. makes from the extream F 

rowards.the Centre . of the world. For the better underſtand- 

ing whereof, ſuppoſe on the other Arm of the. ballance B D, 

and in the extream D, a weight placed being leſs in weight 

than C, as B « part of BC which is leſs than BD, It is-clear 


from the 6 Propoſition of the x book of Archimedes of. weights, - 
that if in. the point « you place the ſame weight C, the bal- 


Book I: | 


nce AD to 
be double the-diſtance DC; in ſuch difpoſition the velocity:of 


4 
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lance will little or nothing be moved from the Horizontal poſi- 
tion. - But if the weight F equal to C be placed in the extream 
F of the arm BF; it is the ſame as if it be placed in » of the 
Horizontal line Bs: To the better underſtanding whereof, 
Imagin a perpendicular thred F «, and in irs extream «, the 
weightto hang which was at F, whence it clearly appears thar 
ir begers the ſam elfeCt as. when it was in F; which as I ſaid bur 
now remaining fixt in.the point « of the arm B «, it is fo much 
lighter than when it was in C, as « B is lefs than B C. Ifay the 
Same,if the arm be poſlited in e B, which we may eaſily try if we 
hang thred from «-of the arm B C perpendicular toe,in which ex- 
tream hang a weight equal to the weight C and ar liberty from 
e of the Arm Be, whencethe ballance will remain Horizontal. 
Bur if the arm Be be joyned in ſuch fire with the Hizomtal 
BD, and the- weight C be hung in e freely from a thred, it 
will neither aſcend nor deſcend, which is only becauſe it is 
hung by a thred which hangs as much from #, as that which is 
hanged freely from e of the arm Be; and this proceeds from 
this, becauſe it partly hangs from the Centre B : And if the 
Arm or Beam ſhould be in the fire B Q, the whole weight 
would remain hung in the Centre B, even as in the fite BA 
the whole preſles ro the ſaid Centre, Whence it comes to pals 
that in this manner a weight is more or leſs heavy, by how 
much *'ris hung Farther from or nearer to the Centre ; and this 
is the only Cauſe whereby one and the fame weight in one, and 
the fame mean becomes heavier or lighter. And although I call 
the fide BC Horizontal, ſuppoſing it to make a right angle 
with CO, whence the ' angle CBQ becomes leſs than a righr 
angle, by the quantity of an angle equal to that which is made 
by CO and BQiin the Centre of the Elementary region, yet 
this hinders nothing ſince the faid angle is but of inſenfible 
Magnitude : From the ſame reaſons we may conclude, that if 
the point u be equally in the middle between the Centre B 
and the extream C; the weight F or M will hang or incline 
according to the half of the faid Centre B: And if the ſaid u be 
nearer to B than' to the pane C, it will hang from it or-incline 
ro it more than the half; and if more rowards C, it will be 
leſs than half. | 


W=.4; ; Propoſ: 
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PROPOS. VI. 


How to know what quantity any weight or moving power 
hath in refpeft to another quantity, by Perpendiculars 
drawn from the Centre of the Ballance or beam to 
the line of Inclnation. 7 


Fip. 1) Dares what has bin faid *tis eaſy to: underſtand; thar 
; ' the quantity B u which is almoſt perpendicular from: 
che centre B in the 16 Fig. to the line of Inclination F «, is 
that which hath led us into- the knowledge of the quantity of 
the-force of F in this fite or poſition, to wit, the line Furmak- 
ing with the arm F B an acute angle BF «:. Nevertheleſs for the- 
berrer underſtanding whereof we will imagin in Fig. 17, the 
beam b-o a fixt in the Centre o at whole ends. or extreams 
there is fixt or hung two. weights, or rwo moving powers or 
forces «. and«c,, yer fo that rhe line of inclination e that is be 
make 2 right angle with ob in the point b; and: the line of 
 Inclinarion &c that is @:c makes: an acute angle or. an obtuſe 
with 04 in the point a. Imagin then the line 07 perpepdieu- 
lar to-the. line of inclination c #, whence ot will be lels than 
o 4. bythe 18 Prop. of 1. EI. of Euclid: Moreover imagine o 6 
to. be cut in the point z, ſo. that 0; be equal to » r, and in the 
int i hang. a. weight equal to c, whoſe inclination make it a 
-parallet. co. the line of Inclination of the weight e, ſuppo- 

fing. nevertheleſs the. weight or power c to be greater than e,in 
8 proportion as. o is greater than o 7; withour doubt by the 
6th: .Prop. of the 1{t, Book: of Archimedes de equiponderantibus, b o 5 
will not be moved'from its ſite, butif in Read of o i we imagine 
s, 5 made one With o b, and /aw-® 2060610 dan I0 by the line z c: 
« in. like manner. alſo. will. crouch as box according-to- 
common realon the- ſite is not- moved; therefore that which 
Was. propoſed is done,. ſo, hence we may - eaſily note, how 
much. vigor and:force of weight or power c at a right angle 
with aloſes, drawing lefs: Hence alſo follows this Corolary, 
War. by how much nearer the centre. o of the ballance is to the 
CENLTE 
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centre of the elementary region, by ſo much alſo it will be 
lighter. 
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PROPOS VAIL 


From the two laſt Propofttons all the cauſes of Balances: 
and Leavers degend. Frg.. 18. | 


]2 force of any arm of a ballance or Leaver that is tong,. 
is greater than a ſhorrer,from the Preceeding propoſitions, 
that is, a weight placed on the end of the greater or longer: 
arm, preſſes or endeavours more as it hangs more or leſs from 
the Centre. 

Wherefore Ballances or Leavers are not purely Mathematick: 
lines, bur natural, and hence bodies exiſt conjoined with'martter  . 
now lets imagin » 5 tobe a ſuperficies which according to length: 
cuts the Axis of a Ballance ; and we will: ſuppoſe its Centre: 
firſt in 5, and the greater arm to be 3, and the leſſer i n, and: 
the Vertical line # o, which let be ſo much as is the thickneſs» 
of the Ballance from the upper to the lower fide ; for- the berter- 
underſtanding whereof ſuppoſe » s a Parallelogram, and pur- 
two equal- weights on the ends of the arms, experience ns 
that the weight at «s, is of more force than the weight at » x, 
and we would know the canſe of this effeR. 

We have already ſaid that Ballances or Leavers are of matter, 
and.» 5 the medium of its ſuperficies, ſuppoſe now # to be the: 
Centre, which ſtaies the ſaid Ballance or Leawver; let « s and: 
2x be thelines of inclination of the weights, and we will - im-- 
agin that the ſaid weights hang from the points « and -», as 
indeed they do, although they ſhould hang from s and x, be-- 
cauſe the point « and the point » are ſo conjoined: with s -and* 
a, that he that draws one, . draws: the other: alſo: Likewiſe- 
we'el imagin the two lines- i «, i», and je: which # e: makes + 
the angle oe equal to the angle oi»; Hence it appears clearly- 
if we hangthe weight « ( which is equal ro the-weight » ) at e, 
chat hath plainly the ſame force as the weight » hath, and 
the Beam-or Ballazee will neither move up nor down, _—_ 
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both weights equally lean to the centre #, by the middle lines e 4 
and » 3, but the ſaid weight being placed in «, the lines 3-by 
which the weight preſles ro the rms, is more Horizontal 
than ei, and. the .line. of inclination « 5s is . more. diſtant from 
:the Centre i than the line ex ; whence the weight in this man- 
' ner being alſo more free from che Centre #, reſults and is more 
ponderaus than when it was in 'e, forthe reaſons mentioned 
in the rwo precedent propoſitions, and for this cauſe weighs 
__ up the yeight placed in =: , But if the Centre were in o.and 
' we imagin two. lines \os and ox, and ſuppoſe the weights 
placed in s and x, whence the line 0 s will be more Horizontal 
than the line 0 x, and the line of inclination « 5 will be more 
diſtant from the centre o than the line e 5, its weight will ,alſo 
be heavier, becauſe ir hangs ſo much farther from the Centre 
o, and by reaſoning as aforeſaid we find the fame effe& ro be 
true: In Ballances rightly and properly fo called x ;s or » os 
may be Horizontal, but in all kinds of Leavers this only is faid 
. by a certain ſimilictude; we may contemplate the by 
: ſuppoſing rhe Centre in. the midle berween o and 5, which any 
one may cafily do of himſelf without any other help. ++ "ib 
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Definitions of: the Leaver. 


by BOOK Il 
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I, Mi, Leaver is commonly a piece. of a Fir-pole, or: other 
FN. Timber, about 6 feet in length, which we uſe either 
"0 raiſe or move heavy bodies, ſuch as Timber or- 
Stone, or any body of metal,or ſuch like; wherein three points - 
are aſſigned, firſt the power of the movent 2ly; Of the weight. 
to be moved.; 3ly, The. prop, to which the Leaver is. 
annext, as to a Centre, deſcribing two. arches with a. double - - 
morion. | 
_ 2. Hence becauſe theſe 3 points my be diſpoſed three ways 
in this length, they produce 3 kinds of Leavers. Firſt a Leaver 
of the fiſt kind: is. that wherein the prop the. 
middle place, and the power and the weight poſleſs the . two - 
ends,or extreams of the Leaver, as if.the Power be inA, the Prop . 
in B,. and the weight in C. 
_ Bp. 19... A Leever of the ſecond kind is that wherein the- 
weight is placed in the midle,. and the power and theProp at the - 
en 


A Leaver of the. third kind, hath: the - power placed in the. 
midle and the weight and the Prop atthe two ends... 

Before I enter on the Propoſitions, I ſhall premiſe ſome things 
worthy our animadyerfion. . | 


_ 


Fig.. * 
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Fig. 20. + Suppoſe the Leaver tO be o 5, 8, Xy whoſe Prop ( or 
 Hypomeclion ) is i.: the point 0, and the weighr in the point », 
"is Clear that when you would raife it; it behoves alfo by the 
help of the hands to raife «; now we muſt conſider how the 
weight = endeavours towards x, and for this Cauſe we will in 
:agin the right lines 20, #65, ne, Yr, and 7 «, of which », is 
placed towards the Centre of the world, and »: makes an 
angle 5» requal tro the angle imo; Now placing ſome power 
in ; having equzl inclination to the upper, as » has to the lower 
( ſetting alide the gravity of, the Leaver ) this power ( ac- 
cording to co.nmon reaſon ) will ſuſtain the whole weighc 
of the ſaid », and if the weight » were in x dire&ly over o, 
the whole weight would be upon the Prop, and ſo much force 
or power of the Prop will ſuffice ro refiſt for ſuſtaining, as is 
the gravity of the weight; bur putting it again in » 'tis clear 
that if another power be not oppoſed from the neither to the 
- upper part of the Leaver, the Prop notwithſtanding being ex- 
 cepted, ir will behove the power of fome part of the weight = 
(without conſideration as aforeſaid of the weight of the Leaver's 
matter or ſubſtance) that the Leaver be depreſkd from the part, 
5, , and ſome one part of the weight », uſe other part of 
the ſame weight endeavours it ſelf ro the Prop o, by means of 
- the line 0 » which makes not right angles with o x.' Bur if from 
the point t this kind of reſiſtance _— it ſelf char the Zeaver 
- be not depreſſed or born down,'tis clear by common fence thar 
the power of the weight » is divided equally in the middle, 
' whoſe moiety overs reſteth,as alſo the other over t being, in the 
middle of the two lines » o and »t. Now imagin the rehſtance 
7 to be raken away and placed in e, it is clear alſo that the 
greater part of the weight » forces of endeavours to e by help 
of the line » e,more than to o; ſincerhe line'of"inclinativn, » i, is 
*nearer to e than 0 : Becauſe all reſiſtance either in"? or in e, or 
in t or in « is inſtead of a Centre as well as o, and the work of 
one helps torher ; Bur if the ſame reſiſtance be placed'in , 'ris 
Clear alſo that a lefſer part of the weight =, endeavours to « 
than to 0; ſince the ſaid » i is farther diftant from the centre 
z, than from the Centre o, and the proportion of the'part of 
the weight » in o, to the proportion, of, the part of the weight 
» in # Will not be according to the proportion of che avgles « 
4 and 0», but according to the proportion of «i to" e, 
which may clearly be comprehended by the converſe. Oo 
ect, 
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effe&, that is even, as now we have ſuppoſed o and « to be two 
Centres that ſuſtain the weight e of =»; alſo imagin » to be a 
certain Centre from whence hang two weights o'and «, fo 
proportioned to'each other, that. «# and 5o are the certain 
cauſes of the ballance of theſe weights os, which we call a 
Leaver or Beam inclined on no part: Bur returning to the pro- 
politior, we ſay, That the weight of » endeavoring leſs to « 
than to 0, that is to #, there needs leſs force in « than in # to. 
raiſe the weight »; and ſo by conſequence, the farther the 
point « is from #, the lefler force is required, and conſequently 
when the force or reſiſtance in. « is ſo proportioned to that 
which is in o, as is 0# to is the Leaver or Beam Will nor be 
moved: But when there is a greater proportion of the reſiſtance 
of « to that which is of os, than of thar of 0 to is, then the 
part « 5 of the Leaver or Beam will be cleyated: | But if the 
proportion be leſſer than o 4, tos «, thanthe Beans or Leaver will 
be depreſſed on the ſame part. | 


” 
— —— 
TOES. —_ 
——... ——_— — 


Of Augmenting Force or Power. 


Fig. Ny ſome places. Bakers uſe a certain inſtrument for 
hs kneading their Paſt, which is perform'd' by one 
man only, which inſtrument ſeems worth our taking notice of, 
and *ris-thus: Imagine the plain in which he ſets who kneads 
the Paſt, and in which the Paſt is laid robe T'S D, and the tri- 
angle T A.S fixed, and perpendicular to the ſuperficies of the 
£:1 plain ; andiin the Angle A joyn a piece of Wood or Lea- 
ver H E as a moveable ſemidiameter and equal ro the Perpen- 
dicular of the Triangle, whence A will be the place of the cen- 
tre, and D O will be the ſemidiameter which kneads the Paſt, 
and from its end O ( which O when DO is Horizontal is 
found in the baſe of the ſaid Triangle} comes the piece of 
wood Q V, waich with A V is equal to the perpendicular im- 
agined from the angle A of the baſe T S playing too and fro 
in O and V, that the ſemidiameter D O may be raifed and de- 
preſſed. And VO isequal to A V, and V is in the middle be- 
rween A and E, whence A V with O V are equal to AE; 
moreover there are two picces of wood perpendicular from 
F A 


” IEF 
x3: 


24 Mechanck Powers. Book II. 


A, and fixt to:the baſe and immovable ; and ſo far diſtant from 
one another, thatbetween them O V and'D O may paſs above 
and beneath, and not depart from the ſemidiamerer DO. In 
the end'of E there muſt be a ſmall piece of Wood ar: right An- 
les with A E; which is held-by the hands of ſome body which 
ands on the foreſaid: Machine, which man with that wood 
that is, the ſemidiametre A E drawing-ir to himſelf from the 
ſuperficies.of the ſaid Triangle, and then thruſting it towards 
the ſame Triangle,. he excites the ſemidiametrer D O upon the 
Paſt with a great force. | lng 
In imitation whereof; I fave ſubcribed Fig: 22. ba u x, in 
which we may imagine « reſembles A in rhe 2 1 Fig. and 's de- 
notes. O, and o V, and x E: we may alfo imagine « @ to te: 
the baſe of the Triangle @ # 0, to which o 7 the ndicular 
of the ſaid-baſe add. 2;: hitherto- then # o will be equal ro 
x, and.tO 0 a, 'Wwe may imagine alfo 4 o ſo produced to b, that 
s b-be equal:t0-0 4. ' Alſo ſuppoſe a" weight in 4, ta-foreo'ro- 
wards «, whence the line of 1ts inclination will be always a « ; 
ſuppoſe alſo aob to be a Beam or Leaver, and o its Centre, 
whence the force or power of a will be proportional to o:,with 
reſpe& to the force or power imagined in 6, the inclination of 
the perpendicular b a, which force. or power in. b will be pro- 
poxtionable to. ++by Prop./7: of this Treatiſe; therefore if 
you ſhould place a certain power in b at a right Angle drawing 
the line b 0 ſo proportionared to the power of the perpendicu- 
lar. a, 2$07 is: proportioned to o b, the Beam bo &@ will nor be 
moved,. .but. any. greater portion. in b will overcome. a: 
And when. o x is. equal-to 0 b, the ſame will happen according 
to common, Senſe, placing the power b in x. The quantity 
therefore of the power in x, which ought to overcome the re- 
Gſtance in a, which is put againſt «, ought to have a little 
greater proportion to reſiſt, which in 4 makes a right Angle 
With a9, than that which is of o #10 o x. x 


Prop... 
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PROPOS. I. Fig. 19. 
A Theorem. 


THF ins Leaver, the Power be to the weight as the di ds of each 
om the Prep, reciprocally, it will be in equilibrio, « the power 
will ſuſtain the weight, but mot raiſe it. | 
Suppoſe the power A to the weight C, to be as thediſtance 
BCto thediſtance A B; I fay,it willbe in equilibrio,and the power 
will {uſtain the weight C, bur nor overcome nor raiſe-ir; but 
ro. the better underſtanding of the Propoſition, ſuppoſe the 
weight C to be 100 pounds, and the power A to be a power 
able to ſuſtain 25 pounds withour a leaver ; and as the power 
A. is equivalent preciſely to a fourth part of the weight, ſo alfo-. 
the line B C muſt be a fourth-part of the"line A-B to tmake ic 
in equilibrio. | == ns: A os 
The Demonſtration. The power is increaſed in the ſame pro- 
portion in -which irs motion' is increaſed-above the motion . 
of the weight ;bpt in-ſuch diſpoſition the motion, of, the-pows . 
er is to the motion of-the*weight;as 4 to x ; for if the lea- 
ver be underſtood robe raifed in L, fo that the power deſcribes 
the arch AL, the weight deſcribes the arch K C; but the arch- 
es are a like, . becauſe the angles ABL, CBK are equal; or 
like arches oppoſite to the wertex, are as their Semidiameters, 
ro wit, as AB to BC,, and we Jirpots AB ro be times as 
much as BC; therefore in fuch diſpoſition (by the firſt prin- 
ciple of this Treatifſe)the power A is quadruplicated,and there- 
fore is equivalent to 100, but. a power of 100 is in equilibrio 
with a weight of 100; therefore if as the power A to the 
weight C, ſo the diſt>nce CB to the diſtarce AB, which js re- 
_ it will be in equilibrio, which - was to be demon- 
rared. | | 


F 2 Prep. | 
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PROPOS. I. 


A Theorem. 


T* the proportion of the Power to the weight be greater", than | 
the diftance of the weight to the diſtance of the Power  frgm 11 
Prop, the power will raiſe the weight and;overcome it. 

Fig. Sys Yi the proportion of the power 'A to the. weigh 
C_ be greater than of the diſtance} BC to the diſtance AB 
i fay, The power A fo diſpoſed will overcome the weigh 
C. WG pL 


Demonſtration. Suppoſe a9ofhe ther power which hath the ſam 
| ND to. he welt -» as. the diſtance BC hath: ro th 
iRance A B, this. power will: be. in, equilibro with the wet 
| + pe precedent propoſition). but he pon A is greater tha 
- that power (by the roth propoſition of ;5.Exchid) therefore th 
power A is greater than that which. is in equilibro with th 
eight C, therefore it will prencorne the. weight C; and-wi 


' 


I ; which, was. to be demonſtrate 


* .* yt 
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PROPOS, Ul. 
A Fheorem: 


Fig. 23. FF the proportion of the diſtance of the Power .th 
be: Prop vob ; oi op ih 3s from ni þ 
ater. than cf the weight to the power, the weight will be. overcom 
4nd raiſed* by the Power.. | 
Suppoſe a greater proportion of AB to BC than. of th 
weight C.ro.the power. A, I ſay the power. will.overcome th 
weight, C.. 
71 
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The Demonſtration. Suppoſe another power D equal to A 
applied in the point D, 1ſo that as the weight C to the power D, 
ſo DB to BC (itwill be by the 1oth propoſition of 5 Euclid.) 
DB. leſs than AB, and (by the firſt of this): the power D ap- 
plied in the point D-will be in- eqs//ibro with the weight C: 
Bur the power, A. equal to D if; xt: be applied in the point A, 
hath greater motion with reſpe& to the motion of the weight. 
C; therefore by the firſt principle- hath greater force than the 
power D which is in equilibro with/the weight. C, wherefore- 
_ © overcome and- raiſe it ;. which was.to: be demon-- 

rated. 


FAQPUS IF. 


A Theorem: Frg. 23.. 


. the. proportion of the eight: to the. Power bs pow than -the- 
iftance of the power to the diſtance of the weight, or if the pro- 
portion of. the dift ance ,of the weight - to the diſtance of the Power be- 
greater than of the power tothe weight, the power will neither elevate- 

nor. ſuſtain the. weight, | 

Firſt, Let the proportion of: the weight C ro the power A 
be greater than of thediſtance A&B roBC; I ſay the power A is: 
to little to make an equilibro with the weighr C ; For ſuppoſe: 
the power E to-which; the-weight C hath the ſame proportion 
as AB to:BC, and. conſeq 'the:proportion of the weighs: 
C.to the power E will: be leſs than of 'rthe: ſame weight C tothe-' 
power A, and (by the '1oth ofi's Exclid.) the power E is greatet. 
than .the power A, bur-(by: the firſt of this) the power E ap-- 
plied m the.-point A is in equilibro with the weight C, there- 

re the power A is too little to be in equilibrio- with the weight. 
C; therefore can. neither raiſe nor ſuſtain it.. | | 

Secondly, Suppoſe the proportion of the diſtance BC to the 
diſtance A Bro be greater than. of the-power A to the weight: 
C; I fay,. 'The victory will be in the power of the weight C, 
for ſuppoſe the power E to be as BC to AB, foE to C, and: 
the proportion of the power E tothe weight-C, will be greater _ 
than Of. the power. A to.the ſame weight C, and (by the T0 nt ; 
5, Euchud.) 
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> 
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. poſition AB is fourtimes as muchas BC, therefore the power. 
appees in the point, A_4s:equivalent ro. 4 powers equaF to'it ' 
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5 Euclid.) the power of E will be greater than of A; but (by 
the firſt of this) the:-power E- appliedin the point A is in equi/i- 
briadwith the weighr C; | therefore the power' A is .lefs than 
that, which is: applied in the ſame point of the Leaver, in equi- 
librio wich) the: weight C, therefore the power A canror fuf- 
tain the weight C; which was to be demonſtrated\ © © 


? 


Although in the Figure” F haye only put a Teaver of the firſt 


kind, theſe proportions agree equally with the 3 kinds of Lea- 
vers, fince in (each kind as 'well the powers as the weights de- 
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PROPOS. V. 
A. FRveDR. 


A Power is equivalent to ſo many powers equal to it ſelf in force, . 


as its diſtance from the Prop comains the diſtance of the weight 
from the ſame. © | 


. Fig. .24. . Suppoſe any power: A-fit to ſuſtain'withour a Lea- 
ver, 4 weight of 100:;pounds; \ ſo difpofed inthe Leaver that - 


- the diſtance of A from the Prop contains four times the di- 
ſtance-BG of the weight from: the ſame Prop or - Centre; 1 
"ſay the ſame power in the paint A is equivalent ro 4 powers 
equal to it ſelf in force, and fo can ſuſtain in this diſpoltionof 
the Machine or Engin, a weight of -400 pounds. | 

.The Demonſtration. As many times as the diſtance AB Ccon- 


rains the diſtance BC, ſo many times'the motion-of the power / 


contains the: motion of the' weight; bur: (by the firſt principle 


4 


of Machines) how much” the! motion of the power increaſes ' 


Above the motion of the weight, -it hath ſo much the more 
pg or force, therefore according'to the proportion of A B 
, the force of. the power-will:he increaſt ; but by ſap- 


. ſelf in vertue or force... TR | 
Or the power A equal to 100 peunds, will be equivalent to 
* 4 powers equal to it ſelf in vertue, if it ſuſtains-400 pounds; 
and ir can\ſuſtain them (by the firſt of this) it it be as the 
power 


% 
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power A to the weight of 400 pounds, fo the diſtance BC to 
_ the diſtance AB, which plainly appears. 


_ k 


PROPOS. VI. 


The Power being placed the [ame diſtance from the Prop, and the 
. weight being placed nearer to. the Prop encreaſes the force of the' Power. 
Fig. 24+ PR let the weight +C-he diltance from -the 
| ; Prop, B:che diſtance of B, and: let:the.power 
be in A; I fay if. the power be always 4n- the; point-A;- and the 
weight be removed: from. the-Prop Bj ſuppoſe to the-point E, 
that. by how much the leſſer. BE i, by ſo much the greater 
will the force of .the,powerbe,. an, order tg ſuſtain or raiſe the 
weight placed in Ez That is. if, the,,power applied in the Point 
A can {tain or ſupport a weight of , 400. ppunds placed in the 
point C;;: I ſay, If the weight CG beremoved fromthe Prop-and 
' placed in the point E; Ir will-be as BE to, BC ſothe weight of 
400 pounds to that. which the power A ;can ſuſtain. 
| The Demonſtration. For let it be s BE to BD fo the weight 
Ctothe weight EF; I fay. the weight F placed inthe point E will 
bein equilibrio with the power A, for when'tis as the power A: 
to the weight C; ſo the diſtance BC to the diſtance A B; as 
alſo RE tro 'B C, ſo the weight C.to the weight F; There- 
fore from diſorder'd equality (by 23 of 5 Euclid) the power: 
A will be to the weight F as the diſtance BE :o the diſtance 
AB, then (by 'the firſt of this) A and F will be in equilibris' 
which was to be demonſtrated. | | 


Corollary... T.. 


Fig. 25. From this Propoſition arrives ſeveral practifes 
which naturally or experimentally Workmen make uſe of for. 
moving of weights, or overcoming the reſiſtance of any bodies; 
And neither is this Doctrine only uſeful in raiſing and re-.,. 
moving of. heavy bodies, bur* alſo in cutting off bodies and. 
parting them from each other, and OVEN refiſtance, , 
which I ſhall only ſhew in brief, that it may be rurned from: 
them to other matters. 

Firſt in digging Stones our of Qarries, they often uſe a Leaver + 


or Croe of Iron, and when the Stone reſiſts much, either Dp 
| TEALOon; 
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reaſon of its greatne(s, or becauſe-it will not eaſily be ſeperated 
from the other to which it adhears, they remove the Prop as 
near to the weight as may-be,--thatſo. they may move- ic the 
eaſier, and for the Prop they commonly make uſe of a Stone : 
© or ſometimes two Stones, .2s if the Stone EF were to be part- 
ed from the Stone D E, if DE be firm,the Prop will be in the 
int C; and the weight in B, and it will be a Leaver of the 
econd kind and then the diſtance of the power will be the 
line AC, the diſtance of the weight will be BC; then asmany 
rimes 2&5 BC is in AC, ſo many powers equal ro'ic {elf will the 
power placed in the point A be equivalent to. 

- But if the weight B be ſo drawn back from the bolly C E 
which the proportion of rhe Prop hath, that the diſtance CB 
be made greater, there may be. put between thoſe two bodies, 
ſome hard body, rhar fo the diſtance C'B may be leſſthed, and 
the force of the power more and more increated. 

Fig. 26. | In like manner-When a Nail is to be drawh with 
2 Hammer; by how much the Nail (which obtains the force 
of a weight) is nearer the Prop C, the eaſier it is drawn forth ; 
whence when the Nail is drawn our a little way, fo r= the 
end of the Hammer C cannot -reſt on: the Board or Tinber 
that the Nailis in, we are wont to put another body between, 
thar the diftance may be tefs. '- | -- 

Fig.. 275. In like manhtier in Pinchers is a double Leaver of 
the kind, one whereof is the Prop, to wit, the Nail or 
River B, about which each part is turned, and by how much 
leſſer the diſtance BD is, and the diſtance AB or BC the 
greater, ſo much the more it ſtrains. 

Fig. 28. The ſame may be ſaid of Shears, wherein this 
may be noted, The more they are opened the caſter they o- 
perate; becauſe that when they are more opened the body 
to be car, is nearer the Prop B; Example, i. $19 it in D, bur 
when they are ſhuc farther, that which is to be cut, ſuppoſe 
itco be in the point E; whenee the:proportion of the difkance 
of the weight from the Prop'is grearer than the diſtarice of the 
power from the ſame Prop or Centre; moteover the longer 
the Arms AB, CB are, the more' the force of the power is 
encreaſt, and thus we'fee Workmens long Shears cuts any kind 
of Mertal; many other Inſtruments we might mention, which 
this principle calily difcovers. 


When 
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'When we open a Lock'with a Key, if it opens "hard; we: - 
put a Stick into the ring of the Key and turn the Key with ic, 
or by ſo doing we make uſe of a longer Leaver, than when: 
we turn the Key with our hand upon'it. » hay 9 
'When we- open: Gates or -Doors, if we, lay hold :of ' them: 
further from the Hinges, they: open eaſter: than when we lap; 
hold on them nearer to the hinges. 3 bn A 5 12030 
Alſo from this we may _ a reaſon-why a long Staff or 
Pike weighs more if it be lifted up by one end, than if nearer 
the middle ; as alſo why a long Stick, or Staff; or 'piece.of. 
Timber, is bowed or broke with njote eaſe than a ſhorter.'; - 
. Hence tikewiſe. a reaſon-may be rendred, Why in Mills ſome! 
teeth: are made ſtronger and nearer together than others; wiz 
the foremeſt ; many things we may run through which may 
be reduced to the Leaver ; as in Navigation, 'the governing of 
Steering.a Veſſel, rowing with Oars, &c. | wrrey 
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PROPOS. VIL. 
| A Problem: 


To move any. weight with any Power by 4 Leaky f 
| the firſt and frond kind. , | i 


Fig. 29. ET there be given any weight. B; and a power 
| ; n A, how little ſoever; I boy the weight BY may 

be moved by the power A, with a Leaver of the firſt or ſecond 
kind ; for fince the weight B is not infinite, it will have ſome 
proportion to the power, therefore divide the Leaver CD, 
and make it, as: the weight B to the power A: $o the line 
CE to the line ED; ſuppoſe the Prop in the point E, and the 
weight applied in the point D, and the power A in the point 
C; I fay it will be in equilibris. 

The Demonſtration. For fince the power A is to the weight 
B, as the diſtance ED, to wit, of the weight from the Prop, 
. tothediſtance CE; to wit, of _ power from the Prop (by 

che 
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the firſt of this) ir will be in equilibris, but if the Prop be 
moved never fo lirtle to the weight, the power will overcome 
the weight and raiſe it. 

We will do the ſame by a Leaver of the ſecond kind, for 
make it, as B to A, ſo FH the length of the whole Leaver 
to. GH, and let the Prop be at the endas at H, the power at the 
other end at F, and the w—_ in the point G, as yet (by the 
firſt of this) ir will be in equi/ibro ; bur if the weight be moved 
never ſo little to the Prop, the power will raiſe the weight, 
and overcome it. 

But a Leaver of the third kind, we cannot uſe to effeR the 
ſame thing, for when the weight is placed at one end, .and the 
Prop at the other, the power which poſſeſſes the middle place 
will always be leſs diſtant' from the Prop, than the weight 
will; and is ſo far from helping the Machine to encreaſe the 
force of the power, that it hinders it, and the weight from 
ſuch diſpoſition of the Machine increaſes irs reſiſtance ; for 
_ generally {pcaking, as often as the diſpoſition of the Machine 

increaſes the force of the power ; ſo often, if the power and. 
the weight change places, the force of the power is abated, 
and ſo much the a ws of rhe weight encreaſed. | 

And this is Archimedes's great Problem, That he would. 
move the whole Globe of the Earth, / if he could. find but a 
place to fix a Prop upors which in Speculation is true, but in 
practice impoſſible ; for who can practically divide the length. 
of a\Leaver ito any rtion, eſpecially, if for Example, 
The Hundredth Thouſand part of a Line were required, for it 
would make the diſtance ofthe weight ſo ſmall from the , 
chat the ſeat of the Prop would be impoſlible to be Aiſtinguith? 
from the diſtance of the weight. | 


PROPOS. 
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PROPOS. VII. 
A Problem. 
To place a ”"_ ſo m a Leaver, that no finite power, 


wp great ſoever, can overcome tt. 


Fig. 30. E T the weight A be never ſo little, and an 
power B equivalent to it, I fay theſe may be ſo 
placed, that the power B, whatever ir be, will be unable co 
raiſe the ſaid weight. For ſuppoſe, as the power B to the 
weight A, ſo the diftance. K L. ro the diſtance L M, and the 
wer B in the point K, and the weight A placed in M by 
che firſt of this) it will be in equilibro ; whence if. the Prop L 
be removed never ſo little ro the power conſiſting in K, it will 

be unable to raiſe the weight ; alſo a Leaver given ſupp 

the Prep'thus, we may divide it, that a power bei1 d at 
. oneend, ſhall nor raife the other end of the Leaver ; viz. If 
we divide the Leaver KM, ſuppoſing the Prop L very nigh 
the power in the point K,. ir will come to paſs that the power, 
though very heavy, will not raiſe the other part of the 

Leaver LM. | 


PROPOS. DIX. 
A Theorem. 


Fig. 3 1 \ ] Hen the Centre of gravity of a weight is in the line 
of the Leaver, # 4 ſame force is ahvays _—__— fo 
meve it, whatſcever ſite it obtains, ſo that the force move only down- 


ward or upward. 
G 2 Thoſe 
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Thoſe things which we have demonſtrated concerning the 
.Leaver, -in-the forme oftions are morewmiverfat; nor do 
they ſhew divers Circumſtances worthy of Note, which here 
we ought to examine; And.certain,it 3s that a living power 
which is often ufed with a Leaver, finCe *cis indifferent to all 
motion, it will move as well downard as a thwart. But weights 
which by their own nature \gravitate only, reſiſt motion up- 
wards, and therefore their gon moan is not ſo mh * 
be conſidered, as their ſimple Perpendicular morion, which, 
char T may handle i hoany. I ſhall expoſe ſeyeral 
Caſes. And Firſt, . we-thalt take notice'of rhe power forcing 
only downwards as it were, and ſo a weight may be com- 
pared in divers manners with.a Leaver, for either the Centre of 
gravity of the weight, or as it were its middle is in ghe Leaver, 
and which is the fame, .is h iged freely, on the Leaver, or is 
is above'the Leaver,or beneath the Leaver ; In this-proportign 
we appoing the Cenite of [gravity in the Leaver. | | 

Suppoſe the Centre. of 'gravity of the, weight A in the Lea» 
ver; ' ay; Tf the power only force downwards, the fame 
power I required, ro fuſtain the weight ip whar fite ſo. eves 


© The Demonſtration, ' As. well. the! weight, as, the. power tend 
downwards, wherefors if the cicular motion, be. conſidered, 
borh'of rhe; powerand the, weight, they will be proportiopally 
diftant, ar their diſtances will be proportional, ſince like axches 
are proportional tothe Semidiameters of, their Cizgles; os if 
the perpendicular motions G E, CH be conſidered, they alſo 
will be proportional, becaufe the Triangles CBH, BGE are 
proportionals ; whence if the power.move only downwards, 
the fame- force 1s required to fuſtain-or move the weight, 
whether the Leaver be Herizontal or oblique. 


PRQ- 
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P ROP-OS:--X. 


Fig. 32. A Power moving equally in.tvery different place, moveth 
a weight more eaſily, whoſe Centre is in an oblique 
beam or leaver, than in an Horapntl OP. 

Let the power be A, equally able to move a weight in any 
difference of place, .and. let the weight be D, whoſe. Centre is 
1h the Leaver ; I fay, If the 'Leaver be raiſed In F, the'power 
wilt more eafity move the ſame weight, than if the Leaver 
were Horizontal, as AD... goons Bt 
; The Demonſtration. Weight, or any heavy body, refiſts only 
motion upwards, therefore 2 Perpendicatar line'1s its meafure 
of refiſtance'; Therefore, 'Firſt'ler the, weight, 'he moved  ac- 
cording to. the Arch DE, the reſiſtance will be the line EH, 
Secondly, ler it be moved grcording roithe other Arch equal 

| ng to the Perpendicular 


| ſt principal), you wilt | 
E  than' in D, there of it- Pa move eafier 'while the Leaver 
obtains an b/iqueſite or poſi tion,than when it hath an Horizontal ; 


F . 1a s 3 

Hence it follows, That in an oblique ſite a power is in equi- 
libro with a weight, although the proportion of the power to 
the weight be not IE) —— ſame, which the diſtance of 
the weight is to the diſtance of the power from the Prop; to 
wit, becauſe the. motion . of : the weight, cording to which 
its reſiſtance endeavours, is not the Arch E F bur te Perpen-- 
dicular line FI, although the 'motion of the power, accord+ 
ing to which it exerciſes its aCtivity ſhould be bye Arch BC, 
bur the Arch BC and the Perpendicular FI are-not proportional 


to. the diſtances K B, KE. 
I g ; Neverthele(s- 
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Nevertheleſs in an Horizontal fite D A, becauſe the Perpen- 
dicular Phiſically falls in with the Circle DH, the common 
Rules ought to be obſerved. 


—_ = tos. at 


PROPOS. Al. 


A Theorem. 


Fig. 33- FF the Centre of a weight be above the Leaver, the 
weight is eaſier raiſed abrue the Horizontal line than 
beneath, from the power only forcing dowmwards. 
—_—_— the weight A, and its Cencre above the Leaver ; 
ſince the weight always preſſes downards according to a Per- 
ndicular line ; in an clevated fire it weighs downwards accord- 
ing co the line IF; and then the true diſtance will be the line 
FE; but in an Horizontal ſite the true diſtance will be BE: 
In a depreſled fite it will be DE; *Tis certain, that DE is 
eater than BE, and this greater than FE, and fo in re- 
& of the power applied in the Leaver, and only preſſing 
ownwards, the Motion in C-will be more difficulr than in 
A, andin A, "R | 
But wharT have ſaid is with reſpe@ to the power, its mo- 
ving ſimply downwards ; becauſe if it ſhould move <qually, 
or alike in every different place, the proportion of the DoQrine 
delivercd in the oth Prop. would enſue. 


PROPOS. XII. 
A Theorem, 


Fig. 34- LY, T Hen a weight hath its Centre of gravity beneath 
'V che Leaver in a depreſſed fite or Poſition, leſs force 

is required than in an Horizontal, and greater in an elevated 
s pe 


fire. 


Suppoſing 
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Suppoſing the Proof of the former Propoſition, this a 

hg rom pw h, neither doth it need —_——__ bawers f 
tion, ſince in a depreſſed ſite the perpendicular cuts off a leſſer 
or ſhorter diſtance: than in-the Horizontal, and in an elevated 
fire it curs off a greater; the ſame caution is to be noted. 

But when the weight freely depends on the Leaver, it is al- 
moſt in the ſame manner, as if the Centre of gravity of the 
weight were found in the Leaver.: For always the fame diſtance 
remains to the Prop or Centre, eſpecially vertually, becauſe the 
weight ſo moved, is as if it truly exiſted in that point of the 
Leaver whereby 'ris hung. 


—_— 


X — 


PROPOS. XII. 
A Theorem. 


Fig. 235. FF by reaſon of the Figure of the Prop, the point on which 
at I R- _—_— bh ed, hs alſo of the 
force of the Power, to the. reſiſtance of the. weight will be changed. 
The Figure of the Prop. may be various, and it may be ſo 
made, that in its motion it- may bear the force of one or ano-- 
ther point of the Leaver ; whence it comes to paſs, that the 
diſtance of both the power and the weight are not the 
ſame; and ſo the whole proportion of the force of the power 
to the reſiſtance of the weight is changed ; as if the 
ſhould be Sphzrical, and the Leaver in an Horizomal ſite 
couch it in the point A, bur in an elevated ſite it. would'touch 
it in the point B; The ſame I fay if the Prop. ſhould be an: 


oblong. 


FEROPOS. 
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"PROPOS "XIV. 
The motion of = power oblique to: the Leaver, «@ leſs 
powerful than when right. - 


Fig. 36. T* the power be A, which. preſſes the . Leaver, ac- 
cording to the oblique line A B ; Ifay this motion 
is leſs powerful or able, than if the fame force preſt the lea- 
ver according to the perpendicitar line A Co oo 
The Demonſtration. That motion tends not ſo much in raiſing 
the weight, as in drawing back rhe leaver from the Prop, as 
the morion AD forces the leaver againſt the Prop, and con- 
ſequently ir rather reſiſts the Prop: than, the weight. 


- _ 
—_——— 


= A Theorem. 


A motion [0 preſſing forward to the weight, that ut forces 
t obliquely to the line, according to which it ſhould 
. be moved, 1s leſs powerful. TI 662 tv: cone 


Fig. 37- £ by E weight is A, which ſhould only move ac- 
cording to the line AB, and the Leaver whoſe 
Prop is in C, touching the weight in the point D, and forcing 
.it according to the line DE; l fay, The motion of ſuch weight 
will be more difficult than if it had been forced according to 
the line A By for the force of motion according to the line 
DE, as compoſed of a double motion, to wir, as it were of 
a Perpendigular, and of an Horizontal ; 1 fay; as often as 'tis 
Perpendicular, it refiſts the ſubjeed plane, and ſo part 
of that force is uſed in vain, in overcoming this reſiſtance. 
Prop. 
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PROPOS. XVL 
A Theorem. 


Hen to Powers conſiſting at the ends of a Leaver, ſuſtain 6 
\ weight hung cn it, that whigh is neereſt to the weight ſuſtains 
the preater part of the wn_ and that which is further, the leſſer 
part proportionally to the diſtances reciprocally. 

Fig. 38. There are two powers A and B'confiſting art the 
ends of the Leaver, and ſuſtaming' the ' ſame weighre C; I fay, 
the Power A ſuſtains a greater-part' of the weight than B ; thar 
is, if the weight C be 60 poundsand B C the double of A C; 1 
fay, the power A ſuſtains 45 pounds, of the weight, and the 

wer B ſuſtains only 2o pounds: Or that the powers may 

uſtain the weight C, the power in B muſt: be equal 'to a 
weight © of 20. pounds, and the. Power'in'A equal: to 40 

ounds. : | | 1194623 £ 
q The Demonſtration. The Power A in reſpe@ of the Power B 
is as the Prop, therefore thac tliey' may be in equilibro, it ought 
ro be as, A C, the diſtance of the weight from the Prop A, to 
AB the diſtance of the power from the fame Prop, ſo the 
power Bto the weight C reciprocally ( by the firſt of this ) bur 
AC is by ſuppoſition a third -parr of the line-A B, ' therefore 
there is required in Ba power equal to a third part of the 
weight, to wir,of 20 pounds ; In like manner, becauſe with re- 
ſpect ro the power A, as the power B hath by means of the 
Prop, ſo will be the diftance CB of the weight from the Prop, 
to A B the diſtance of the power from the ſame, as the power 
A to the weight C reciprocally, ( by the firſt of this) but CB 
is ſuppoſed to contain two third parts of the whole line A B, 
therefore alſo the Power A will be equal tro + parts of the 
weight C, to wit, of forty pounds : Which was to be de- 
monſtrated. 


H Corotlasy 
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Corollary. I. 


If the weight be preciſely ip the migdle, each power ſuſtains 


only an half part. 
Corollary. 11. 


Both Powers taken rogether, ought to be equal to thar 
power which can raife.the weight without a Leaver. | 


_.. Corollary. 11. 
Hence we may determine whether the Prop be fit to ſuſtain 


the weight, for i always agrees with ſome part of the weight, 
ally in;Leavers of the ſecond. kind. 


Corollary. IV. 


_ In a Leaver of the firſt kind, the Prop ſuſtains as much of 
the weight as the: power, and its reſiſtance ought tg be equal 
to both taken together. 

. Corollary. V. 

When 2. powers conſiſt ar the ends of a Leaver ſuſtaining a 
weight placed in the middle, we-may eaſily determine how 
much of thar weight each power bears, -to wit, by dividing. 
the whok weight according tothe proportion, which the 
powershave with the weight reciprocally ; -What I have ſaid 
in reſpect of the Leavers bearing or fuſtaining the weight, may 
alſo be underſrood of drawing. a weight; As if 2 draw, and 
the weight A. be fixxt, not in. the midle of the Leaver BC; the 
Leaver wwlt be moveable only about the point D. 


PROPOS. 
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- PROPOS. XVII 
— I. Theorem. 


JOwers conſiſting at the ends MA a Leaver, do not bear the weight 
P eaſier on a lon & Leaver than 4 a ſborter. | Fe 

Fg.. 39. Ler the powers be A and B, and the Leaver like- 
wiſe AB, ſuſtaining the weight C ; and let there be 2 other 
powers D and E ſuſtaining the ſatne weight, or one equal to ir, 
on the longer Leayer ; I fay the length of tlie Leaver D E adds 
nothing to the facility ; for let there be the ſame proportion 
of AC to CB, as of DF to FE, I will ſhew in both caſes thar 
the ſame of the weight is ſuſtained by the power B, as is 
ſuſtained Cw power E, and the ſame by the power A asby 
the power D : In like manner ( from Corollary 2 ) I will ſhew 
in both caſes that the powers' taken rogether are equal to the 
weight, whence the greater Leaver etfe&ts no more than the 


er. Fe IOB, 
Neither doth it ſeem ſtrange, that the length of the Leaver 
adds nothing to the force, that is, if two Leavers of unequal. 
length, but divided alike from the Prop, that is, let che pro- 
Þortion of the diftance in both be a like, the like ctfe& follows 
in . ; 


_ ; 


PROPOS. XVIIL 


A Theorem. 


KT Hike 2 Powers ſuſtain a weight, whoſe Centre is above the Lea- 
ver, in a declined ſite, the lower Power bears the- greater 
weight, - | 
Fig. 40. Let the 2 Powers be A and B, ard let the weight 
be above. the-Leaver and its centre C, and let the perpendi- 
H 2 Cular 


__— gr o—y Book 


cular be CD: Ifay, the power B ſuſtains greater part of th 


weight than if the Leaver were in. an Horizontal ſite; Forth 


weight always as by a line perpendicular to the Horizon, : 
in this caſe by the cle BE. uhenbef re. ivaGted by C D, _ 
fore the weight becon! ng B: wherefore th 
power B bears a greater part of te weight ( by the prece 
dent. ) 

Bur if the weight be beneath the Leaver, the contrary hap 
pens, as in the, ſecond example, .in which, the weight wk 

ES weight. Scney.ta d &$,.2Q 

, the power, F 1 fo $ pot 
.an Horizomal fite; J 
£ .change the fire. and cor 


wer Qr Bram, 


OP AABD 2. ROPO Ss. XX, 
| A Theprem. 


TH ets Hy Hh to the Ly its # 
þ 4 diſtance 3 i5.48 ' perpendicular fangs the Prop, to the: TT: 
a. - 


Fig. 41. Let the Leaver or Beam be A B, and the pow 
drawing by the line B C oblique to the Beam, to which fro 
ou is drawn-a perpendicular F D'; I fay, the true dil 

the power to be look'd upon, according as the increa 
or pare bur of the vertuej-or force, is the line F/D. 

The Demonſtration. Suppoſe the power to conſiſt in the poi 
D, which draws the cord from D in E, and draw the li 
F E; In the mean time the: Leaver \deſcends in the point 
draw the line EG, and becauſe in the triangles FDB, FE( 
the fides FG,. FB, alſo ED, FE, and the length of the Chor 
BD, GE Þ the lame ( by the 8th of the iſt. of Euclid. )all 
angles wilt be equal, among which GFD, BFE will be equ: 
and, the common angle, BF D being taken away, there remai 
the rf G FE, D F 8 gqual, and conſequently the arches. e- 
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HI equal. But the arch DE according to which rhe pow er 
is moved, is to HI or BG, .or AK the motion of the weighr, 
as FD to AF: therefore the true diſtance, according to which 
-rhe motion of the power encreaſes or dec:eaſes in is the line FD, 
perpendicular to the line cf- direftion; which was -to be 
demonſtrated. 

. But if the power be in the point C, and ir: move upon the 
Circumference MC, ir may eaſily be ſhewn thar the arch MC, 
is equal ro the arch BG, and ccnſequently ' in; this caſe the 
true diſtance ſeems according to that which is lookt upon as 
its force, to'be the line FG or FC, which would be contrery 
to the precedent part of the-propofirion : Bur the line BC is 
ſuppoſed to be flexible in che point G, and fo the power 
placed in C may move about the point B, as about a Centxe, 
alchough the Leaver FG remain unmoved; Suppofing then 
from the point B,as from a Centre,we deſcribe the arch CO, fo 
that the line BO, whiich may. þe imagined, be equal ro the 
line BC; draw a chord from rhe point O even ro M, fo thac 
in'the mean ' while che end'of the Beam paſs from the point 
B, tothe point G,and OM will be the true motion of the power, 
which I 4 a to be equal to the line D E; For ſince DCor D 
O is one half parr.of the. line CK, ard E M half of the line M G; 
then DO and E M will be equal, and that which is common 
being raken away, wiz. E O, then DE and MO will be 
__ wherefore the -power in on that end of the line is nor 
more moved than if it were applied.in the point D, there-- 
oe is true diſtance will be F D ; which was to be. demon-- 

ted. 


Corollary. 1.. 


" Ifthe line BC be not Flexible,neither in the point B nor any- 
other, but firmly adheres to the poine-B, the. thing- will be 
otherwiſe ; for if you apply the power in the point D, its' 
diſtance according to what is examined of the increaſe or de-- 
creaſe of the force, will be D F, but if. it be applied in the 
point C, its true diftance will be the line FC, and its true mo- 
rion, according to which it moves, will not be only. the line 
MO, but the whole arch M C. 


Corollary- 
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| Corollary. 1. 


Fig. 42. The line of direQion which is perpendicular to the 
Leaveris moſt apt to move, and by it the power hath the 
reateſt force that ir can have ar the end of the Leaver ; for 
et the Leaver be AB, the Prop C, and let the line of direct- 
ion BD be perpendicular to the Leaver A B: I fay, in any 
other line of dire&ion, the power is lefs able; for let it be 
another line B E, which makes an accute angle CBE, and 
which conſequently falls within the circle, draw fo it the 
perpendicular CF, which ( by the preſent ) is the true diſtance 
of the power, and leſs than CB, wherefore when the Lea- 
ver draws by the line BE, it hath leſs force than. by the line 
BD. Moreover l:t there be another line of direction BG, 
and the angle C B G obtuſe, and conſequently. the other angle 
C BH will be accute, and BH will be within the circle which 
being divided in the middle in I, ( by'z of 3. of Euclid.) C1 
will be perpendicular to BH, and the ſame C I will.-be the 
rrue diſtance of the power ; which ſince *ris lefs than C'B,. the 
power alſo will have leſs force. | | Atl, 


Corollary. III. A bet: OG 977 


' Fig. 43- The true diſtance of. weights which draw by 
gravity only, is a Segment of the Leaver Horizemally placed 
berween the Prop and the perpendicular ; let the - Leaver be 
A B, the weight by its gravity drawing downwards -irr B: 
Suppoſe the line E F in an Horizontal ſite, and draw the per- 
pendicular B C; I. fay,.the .true diſtance of the weight B is 
DC, for all heavy things draws by a vertical line to which. the 
Horizontal line D C is perpendicular ; I ſay, the fame. if the 
weight were in the point H, che true diſtance woult be DG. 
Whence it follows, that a weight depending on a Leaver Hori- 
z-mally diſpoſed — force. | | 

And here | will add ſomething out of the Learned Caſarus 
his Mechanics; ſays he It may perchance be pertinent 'ro our 
preſent purpole, and not anpleatine co the Reader, if I here de- 
Clare ſomething of an invention: When I heard a certain man, 
declairing that a Bell of a vaſt weight, was carried eaſily on 
Braſs Wheels, which by length of time were worn out, bur 
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by whar artifice, or in what order they were diſpoſed, or ma , 
- could not tell; Wherefore he conſidering py me _ 
it might be done, I happened on this thought, that I eſteemed. 
the moſt heavy bell, might eaſily be repulſed, by diminiſhing, 
or leſſening the reſiſtance, which ariſes from the wearing of 
the Prop, or Stay, and Axis together ; For ler B and C be two 
ſmall wheels ( Fig. 44- ) of ſolid Braſs, whoſe diameters are in 
ſomedifferent proportion to the diameter of the axis on which 
the bell bears, or lies; And let the ſemidiameter of the Axis be 
AE, andof the little Wheels BE, in proportion double, there- 
fore alſo the peripheries will be in the ſame proportion, there- 
fore while the point I in H compleats a quadrant, the little Wheel 
alſo is turned about, whoſe periphery is equal to. half a qua- 
drant ; Wherefore if to the little Wheel there ſhould be fixr an 
Axis, whoſe Semidiameter BG is equal to the Semidiameter 
AE, the rubbing or wearing will be made with + part of the 
Periphery of the Axis of the little wheel B; bur becauſe alſo 
in the little wheel C, the rubbing or wearing, will be made 
equal with the ſame Axis, almoſt nothing of moment is gained, 
becauſe the whole wearing is equal, as if the quadrant- EO 
were turned about in a firm and. hollow Prop: And it wilh 
rather be a leſſening of labour in conping the bell, if the lictle 
Wheels were fixed to an Axis: and fince the Axis is Cylindrical, 

the ſubjeted Wheels doubrleſs will rouch in a line, a ſmall 
part of the Prop; And the Axis of the Wheels ſuit or fir with 
their concave parts in the ſuperficies which are worn while the 
wheels are turn'd round: Unleſs by chance the Convex ſuper- 
ficies of the Cylindrical Axis B G, be ſomewhart leſſer than the 
concave ſupcrficies of the Wheel; and therefore they couch 
each other according to a line as(by ther 3th of the 34. of Euclid.) 
"tis-eaſy to demonſtrate, which doth not often happen. 

Bur *tis not needful ro make ſuch ſolid Axes to the Wheels. 
B and C, For if the axis A Eis Convenient to bear the weighe 
of the whole bell, a pair of equal Axes will refilt or bear 
double the weight : Therefore "tis ſufficient if each of the Axes 
B and C, ſuſtain half the weighc ; Bur fince the reſiſtance of 
the Cylindarsleaſt they be broken, ought to be in triple proporti- 
on of their diameters, *tis ſuffictent to find two mean continual 
| rae; berweeen the ſemidiameter A E and its half; 

r that which is next leſs to AE will be ſufficient, for” the 


Semidiameter of a Cylinder having Subduple Solidity and refiſt- 
ance, 
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ance, but ſtill tke_Semidiameter requires to be leſs, becauſethe 
weighr bears or preſſes obliquely on the Axes of the Wheels B and 
C; whence the weight of the bell on thoſe axes is according t5 
the lines A B, A C, and not according to the perpendicular A D*: 
Therefore as A D ro A B, ſo reciprocally the weight on A B tg 
the weight on AD; butthe weighton either axis is as the ſub- 
dup'e { or half) Summ to the whole weight; therefore the 
weight on BA is leſs than ſubduple, and the proportion con- 
tinuing is made leſs; For when the Semidiameters A E and B 

' - E are given, the whole B A is known; and BD, and allo its 
equal BE is known; therefore (by the 47th. of i.of Euclid.) 
alſo A D will be known, whoſe quadrate you will find, if from 
the Square 'of B A you ſubtra& the Square of B D. 

Therefore if by Hypotheſis, BA, be 3, its Square is 9; and 
RD 2, its Square is 4, which ſubtrafted from 9, there remains- 
the quadrate 5, whoſe root is 2,23 and is. the right line DA: 
The weight therefore on BA to the whole weight of the Bell 
on both axesB and C, is as 2, 23 t06,00: Bur 'becauſe rhe 
reſiſtance of like folids is in triplicate proportion of their homo- 

' logal fides( and in Cylinders the proportion of their diameters is 
had ) if you ſeek rwo mean proportional numbers between 6, 
00 and 2, 23 which you may do if you draw the quadrare of 
one extream into the other extream, for the Cube root of the 
product 13 the rerm next to that. number whoſe ſquare you aſ- 
ſumed: Therefore firſt, the Syuare of 6, oo being 36, oc oo, 
draw it into 2, 23 and the cube root of the product 80280000 
is 431, &: Bur the quadrate of the other extream 2, 23 1849729 
bemg drawn into 6, co, gives 29837400 whoſe cube root 310, 
is the other mean; Therefore the 4 numbers 600,4314;310, 223, 
are continual proportionals, the fra&tions being lighted ; 
Wherefore if you make it as 600 to 431, ſo the ſemidiameter 
AE to BN; this ſemidiameter ſought will be ſufficient.co bear 
the weight. 

And becauſe B E is the double of :'A E, and" AEtoBN is 
made as Goo to 431, BE will be to BN, as 120010931 ; And 
according to this fame proportion will the Semiquadrants be 
that are deſcribed by them. © But che eighth part of the Peri- 
phery from the radius B F, is equal ro the quadrant ſrom the ra- 
dius A E ; therctore the quadrant E O to the Semiquadrant of 
the radius BN, is alfo as 1200, to 431,Therefore if the rubing 
upon of the axis of the bel with the fixed Prop and hole, be 1200, 


the 
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the Wheel B with its Axis is 4.31, to which the rubing upon of 
the other Wheel C with its Axis is equal; and therefore the umder 
Wheels the diameter whereof is only double to the diameter of 


the axis of the bell, the rubing upon is as 862 to the rubing up- 
on which is as 1200; If therefore the diameter of the Wheels 


to the Axis of the bell be not only double, but triple or quadruple, 
the rubing upon will be much leſſer, and the faciliry in carrying 


the bell greater. 


— _—— 4 


Mechamnick-Powers. 


"OF, -FHE 


Wheel or Axes in Per:itrochto. 


BOOK II. 


= - 


Fig. 45, 45. N Xes in Peritrochio, which in Latin they call 

Suculum,; or Windlace ; It conſiſts of a Cylin- 
der, or. round piece A. B, to which is fixt an Axis CD, it hath 
alſo handles or radius's fixt ro the Cylinder; abour the Cylinder'a 
rope is turned to which the weight is faſtned; ſomertimesthe Axis 
C D, is parrallel to the Horizon,as in Fig. 46, and ſometimes it is 
perpendicular to the Horizon,as in Fig. 45. and may be variouſly 
made, and yet its eſſence; or being, remain unchangeable, and 
the ſame power perſevering in augementing ; For whether 
the handles be immediately fixt to the Cylinder, as in Fig. 46, 
or whether they be fixt tothe Circumference of the Wheel, as 
in Fig. 45. it differs little, for rhe true length of the radius 
K-the diſtance of its end from the Axes. 
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PROPOS, TL 
A Theotem.. 


Ii iſe Wheel or Axis mPeritrochio, is a Ballance or Leaver: 
T Fig. 47. Let the baſe of the Cylinder be A B, its Cen-- 
tre, or the Common Se&tion of the baſe and Axis the point C, 
which when 't is immovable hath the force of a fulciment or 
Prop, let the weight hang from the point A, and the Power- 
in D, I fay there will be found a Balance or Leaver of the firſt 
kind, for although the handle B D be not always fixt in the 
fame-plain wherein the weight A is found, nevertheleſs it de- 
{ſcribes an equaF Circle to rhat which it runs over, if it exiſt in: 
the ſame plain; and therefore is found robe a Balance or Leaver- 
af the firſt kind, And the ſame Propoſitions which we have 
made of the Leever may be. applied to this Engin, fince the- 
increaſe of the motion of a power above the motion of a 
weight. is-the ſame ; Therefore ('by the firſt principle of this 
the increaſe of force is the ſame : But in the ſecond- cafe- 
in which the weight depends on. the point F, the Prop is in. 
H, and the. Power in G, tis a Leaver of the ſecond kind. 

Burt if the power be in the point K, the. Prop in L, andthe 
weight depend on the point M, as yet it will be found a Leaver- 
of the firſt kind, but being thus difpoſed, the force of. the 
Rower B diminiſhed. 

Laſtly, If the Fulciment or Prop be inthe point O, the Power: 
ip B; the weight in R, it-will be found a Leaver of the third- 
kind, wherein. the force of the weight is increaſed, and the. 
force of the Power kflened ; notwithſtanding, this diſpoſition 
* not unuſeful when the. power exceeds the weight by a- lon- 
ger interval or ſpace... | 


Corollary. 
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If the Power be to the weight, as the Semidiameter of the 
Cylinder to the length of the handle, or radius, the power in 
ſuch diſpoſition will be in Equikbris with the weight: And1 
ſuppoſe the Power to be —_— in the extream or end of the 
radius, and to force the handle always perpendicular; The rea- 
fon is |clear, becauſe ( by the firſt Principle of this ) *tis then in 
Equilibrio, when che Power is to the weight, as the motion 
of the weight to the motion of the Power reciprocally. But 
the motion of the weight is tro the motion of the Power, as 
its diſtance from the Axis, to the diſtance of the power 
from the ſame Axis : For while the power abſolves one cir- 
cle about the Axis, the rope alfo is once turned about the Cy- 
linder, and the weight abſolves an equal motion to one circum- 
yolution, or one circle 'of the Cylinder, but Circles are to each o- 
ther as are their Radius's, Therefore:if the Semidiameter of the 
Cylmder be 'to the length - of the handle, as wet apr to the 
weight, it will be in equilibrio, and the —_ 1 ſuſtain the 
weight ; which was to be demonſtrat SITY 

But that the force of this Engin may be the better concieved, 
take the Semidiameter of the Cylinder, and compare it with - 
the length of the handle, which take fromthe Axis to the point 
in which the power is applied; and as often as the Semidia- 
meter of the Cylinder is found in the length of the handle, 
ſo often is the power multiplied; that is, ler there be a man 
in Equilibrio with 100 pounds, and let the Semidiameter of the- 
Cylmder be 10 times found inthe handle ; I fay, the ſame man 
can with this Exgin fuſtain 1000 pounds. + 


Corollary, II. 


Burt if there be a greater proportion of the power to the 
weight, than of the Semidiameter of the Cylinder to the length 
of the handle, the Power will raiſe the weight; for greater 
force is required to move a weight, and toovercome its refiſt- 


ance,than to make it even, or level, 
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In like manner if there be greater proportion of the length 
of the handle to the Semidiameter of the Cylinder, than of the . 
weight to the Power, the power will-be ſuperior to the weight ; 
and overcome its reſiſtance. 


Corollary. TI... 


If the power move the handle by a line, not. perpendicular : 
to the ſame; Its true diſtance from the Axes or Prop will be. 
leſſer +—As if in Fig. 48. the handle be BC, and the. power . 
draws by the oblique line C E; the true diſtance 'of the power . 
according to which we ought to meaſure its increaſe. gr. aug- . 
mentation will be the perpendicular B D ( as is ſhewn at Propo- . 
fition 19. of a Ballance or Leaver.,) 


Corollary. IV... 


If a rope be.ſo turned: about -a. Cylinder that it - makes the - 
folding ſpiral,or that one Spiral folds on another, it makes the - 
. difficulty of drawing greater, or increaſes . the force of the... 
weight; for when the-Semidiameter of the Cylinder is increaſed, 
ir makes the proportion of. the length of the handle, to the - 
Semidiameter of the Cylinder leſs ( by the 10th. of. 5th.-Ewclid..) - 
or, that I may ſpeak more' plainly, the Semidiameter of the - 
Cylinder, is not ſooften found in the length. of the. handle; if ir - 
happen that the Cylinder be-not long enough to, hold all the 
Spares, but it ſhall be needful to put one Spire upon another, . 
ſince. thoſe, Spires ſq put upon ene _ another, neceſſarily in- 
creaſes the Semidiameter of the Cylinder, the ſame weight will , 
| kave unequal force, and will ſooner movethe Clock or Watch, 
whence ir follows thar the firſt hours are unequal and ſhorter; _ 
But if any one would -have {for example ) the third hour 
Korter than the reſt, let him increaſe the Cylinder of the Tym- 
Hegremag the Spire which-anſwers. that hour and be will have . 

8, QENTE.. 


Corollary, 
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Fig. 49. From this propaſicion you-may underſtand where-: 
fore in watches, which areqnpt-,animated by weights, but by: 
| ſprings, wherefore I fay. the Cylinder abonr- which-the ſtring or 
chain winds is not-made Cylindrical but Conical, as in this figure; 
for when the fprings in the beginning, are more ſtretched than ; 
rowards the end, therefore = have greater: force than the - 
reſt ; In the. beginning they ought to. draw. 
Cone, that __ there is bur a ſmall diſtance from the Axis, 
but in the end they draw by the,baſe of the Cone, in which : 
part there is a greater diſtance from the fame Axis; ro wit, . 
that greater force drawing from a leſſer diſtance, or in a ſmall-- 
er motion, may be equal to the force ofa leffer drawing from - 
a greater diſtance : For ler rhe force of the ſpring in the be- - 
ginning of drawing, to wit, when "tis moſt ſtretched be equal 
to.0ne pound, weight, and inthe end/equal to-the- weight ;6f * 
4 Qunces,: Or. + part of a pound ; the .Semidiameter of te | 
_ Circle of the Cone in which the String or Chain is knit; in the..: 

beginning of drawing ought to be + part of the Semidiameter - 

of the Cones baſe, according to which.the! drawing-is- made : 
in the end, . for thus the-force. in each caſe: will.be-: equal and. 
wall draw uniformly. . | | | 


_ 


Corollary. VI... 


Fig. 50. Hence may eaſily be ſolved a queſtion oftentimes 
propoſed to me, to wit, whether the ſame weight hanging'on--. 
a long cord hath more force than if it hung .on a ſhorr. cord ; 
or whether it be harder to draw. the-weight A than the weight : 
B, which.I ſuppoſe ro be equal ; The reaſon of the difficulty: 
ſeems. to be becauſe the weight A is farther diftant from-the 
Axis of the Cylinder than the weight B, - and therefore ſeems to: 
require more force; therefore we ſay not any diſtance. from 
the Axis is. the meaſure of the increaſe of force,. but: that only 
from whence follows greater motion; therefore whether the- - 
weight exiſt in A or in B, white the Cylinder is turned roung - 
once, .the weight aſcends according to a line which is Squal 

l | ua ; OF 
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to the Circumference of the Cylinder; therefore in each caſe 
che weight is equally moved, therefore equally gravitates ; not- 
withſtanding I exclude rhe weight of the rope,-or cord. 

Butt cights hang not freely, but the lines BD, A C 
ſhould be of rigid matter and inflexible: Becauſe while the 
Cylinder is tarned about, the weight | A deſcribes a greater 

ircle than the weight B, the ſame weight A will have greater 
force ' than ' the weight B, according to the proportion of 


Ul FRY = —_ _ -- a_ . - 
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PROPOS. IL 
A Theorem. 


JHFEorne atteth by the force of its own pravity, the in- 
creaſe of the Power doth oo" hd ought 4, jo: 4 ht 
the diftance of the Avis. 

- 51. - Alchough we have toucht upon this propoſition 
\; y : Nevertheleſs we will fic it peculiarly to this;Engin, be- 
Cauſe thar 'tis-already- known; and in common uſe with ſtone 
diggers ; the Machine or Engin conſiſts of a large wheel into 
which men enter, and in which they walk, alſo a Cylinder 
about which rhe rope is turned abour, and an oblong neck, 
in whoſe extream or end is a Pulley to dire the weight; It 
may be queſtioned, whether the force of the power of the 
movent -applied in the extream of the Wheel be increaſed, 
according to the proportion of the Semidiamerer of the wheel 
ra the: Semidiameter of the Cylinder ;. ro which I anſwer, it is 
nor ſo,. for when a man-'walks' in a Wheel, and moves by 
gravity,” to wit, by a line tending to the Centre of the Earth, 
applicd in divers parts of the wheel, yea, often times almoſt 
under the Axis, Its true: diftance-is nor to be taken according 
ro: the Semidiamerer, as if the man were walking in the point 
A, when he moves by the line A B, his true diſtance is C D; as 
-is ſhewn in Propoſition. 19. 


"PROPS. 
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PROPOS. IL. 
A. Thorem:. | 
Of the windlace' placed. vertically... 


Fg. 52. N. Lthough it matters not much how a 7/indlace is: 
as tO its fire or poſition, yet a Windlace 
whoſe Axis is vertical hath this peculiar property, that it may- 
be wrought by animals only, becauſe that( properly ſpeaking); 
animals only have their morion Horizontal, although. alſo ſome 
mills are made in which water moves the Windlace vertically, 
yea, and the wind alſo,as we ſhall ſhew; I have often wondered 
thar theſe kind of 7indlaces are no oftner made uſe of in- 
buildings, ſince by the help of a horſe only, greater ſtore of 
Sronggyor Bricks, or Morter, may be conveighed to the upper—- 
parts..of the building, than by 4 or 5 men ; Wherefore a ver-- 
tical Windlace may be worked with a Mill-horſe, and: about-che 
Cylinder a double rope may be turned abour, in a contrary-mian-- 
ner,. fo thar in the mean while-that one weight riſes, it ſends- 
down the _ CO The force of wy oo 
> ; when a horſe-can carry more than 300 weightr, 
he well finds much' more, or raiſe by drawing; we will ſup- 
poſe 500 weight, and his-force increaſes according to the Pro-- 
portion of A C to: A B ; and: for the-moſt | part AC. contains . 
10 qr AB, I it A wor — alone 
may raiſe 5000 pound weight ; bur if-chie: weights not. 
to N ® 7 ag wp. + _ more ſmall weights - 
with reſpit rce, to take up a e. weight together, . 
and at once, leſt the ropes be broke, = you., may" I - 
the Cylinder A B to any thickneſs that you pleaſe, for then you- 
will _ the. force of the power, and fooner take up:the 
weight. | 
Nevertheleſs becauſe in this Machine or Engin there. ſeems: 
this mcommodity, that the weight being elevated; the Wind-- 
tace ought tobe turned. the: contrary way, and there _— 


% "+ 
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be ſome loſs of time, to turn the . horſe the contrary way; 
"firſt "tis Certain that if men were placed ro this Wimalace, thac 
inconveniency would ceaſe : Bur if yer you would uſe a horſe, 
make a compounded Machine. or Exgin.of\two Windlaces, hav- 
ing tWo Cylinders With teeth, or toothed Tympanes, Which ver- 
tical Findlace may move the other Horizontal, ſo that if. the 
. Cogs or teeth of the Cylinder be * put to the other, the Cylinder 
will be moved on one part; but if it incur in the other 
. Cylinder, the Cylinder /will be moved with-a Contrary moti- 
on; and 'tis" eaſy ſometimes 'to move one, and ſometimes 
the other Cylinder, . witha moveable Leayer abour,the cardinal 


point... | | 
Fig. 53- This vertical Iindlate 1s commonly uſed by ſea- 
-men,; chiefly-in great- ſhips, ſo that. thereby they; take grear 
.weights into ſhips, and draw out- great anchors -which require 

- great force, both by reaſon of their weight, as alſo to dig them 
.out /and- draw them /trom-[the earth, wherein they ſtick faſt; 
where in one thing is to be. noted, that becauſe the Cables 

- or great Ropes are oftentimes ſo thick, that if they are rolled 
about the Cylinder, and Spire is put upon Spire, they grow-to-a 
great: mole, and render the Engin uſeleſs, therefore they turn 
-ohly-:3-Spires or 4: at. moſt abour the Cylinder, ſo that while. a 
Seawan turns one end of the rope round-irt, the other is rolled 
away ; And that it-may always conſiſt -in.the middle, nor run 
through the whole Cylinder, the Cylinder is made broader ar 
the ends after the-manner of a Cone, as you may fee in .the 
Figure; for ſo the. rope is kept in. the middle, | 

_ © Vis. 54+ + There are reduced to the vertical Windlace or Axis 
In Peritrochio:your lefler water-mills, in which' the' water' dif. 
|: in-the'' wheel forces it fo, that che 'Wheel is' moved 
Horizontally, and its Axes vertically ; We uſe this Engin when 
great ſtore of warer'is: not at hand; and the greater the: wheel 
is, the;greater will:rhe! ſtrength of the water be, according to 
I tion of the-diameter of--the» Wheel: to! the'.diamerer 
obmhe> Mill; But:inthe ſame ptoportion decreaſes the velocity 
ofmorion-in the Mill, for each*turning round! of the 'Wheel, 
anſwers each turning of the Mill, from whence it happens thar 
great: care muſt be” raken that the Wheel be:not_ made greater 

' than is requiſite, for if it be there followsa ſlowneſs in the mo- 
tionof the Mill, and.che Epgin is rendred- leſs uſefull; likewiſe 
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the'dbuble windface; . and ſothiecithes a triple one, according 
a the rhitig requires : But becatſe us we have faid, nA 
lace is recalled to a leaves, and thar continually, theretfbre it 
will nit be vnprofirab note, how wonderfully 2 
y uling 2 double Leaver ; for let the 
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P lied in.the. point uivalent. to: 
hy Toll ul 9 a, applied i Io the Ft © DF, fo 
that EF. 70. Tg JHl0 £3 5: j--A Power 
valent ro 19 Þ 


IUTUTEC hi point-B. 
| | 7 at 10 nevi 
& poidr'D; bur when che point Drone 
they make the wg Be mole bur che Joins. 
mes. 4 greater ſpace t han the 
NE principle Shave io ſuch dif Fes | 
confti ted; the point F ll, E ui- 
[ro It -f, in reſpect, 'of: op placed 1: 
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ge is 10 y abes as Erear 
as the Semidiameter of the C linder E: I fay the wer A is 
r00 rimes encrealſed with reſpeTt to the weight G,. which is is. 
manifeſt. 

57. Norwirhftanditg;) bectuſe/in this diſpoſition the- 
Cylinder E abſolves. only half the turning about, therefore- 
this Engin is rendred uſcleſs in niady AeQs : Therefore # you. 
would now the diſp tion in which the n-+ os D E ma al 


heel. B C. y .Cylipder .this, 1 be 

NO oft afeful.e _ -the- Deny rs * T__ are 
ſtanefrom .cach jother, 2 grear IPace.z nevertheleſs, it, bach, 
nyc fr Limes it. happens char the. Cylinder, 
-isoved alore although: the Rope, draw not ;. and therefore. 
they. make the. Cylinder A, :rol gh. with tollowings,. ahd alſo. 
they. make Enors.or balls. in AE "Rope* which. enter; inco. the. 
hollowings, and Thy the Cyl; Me. eh it cannot .move alone, 


Fo þ | the igure E 40 rs. plainly. 
58. We uſe the, lame Engin, * in A contrary. manner, 
vin the power overcomes. the reliltance. of the, weight by a. 


- ng ſoxce, bur a moſt vie. morion is? Ty d; as if the. 


greater. 
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in this diſpoſition the power-is:leflened/; thar- is, /if the-power 

as 1 'be/applied'ar:the handle C,; .yOu-may. determine. raiſe 
ne 0a. roms Cylinder, D,:ehere- ye het 

2-poWeP' io times? greater to rake: — ar:be 
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PROPOS. VI. 
A Thearem- 
To recall, Tonthed. Wheels to. the Leaver:- 


60: HE whole m ication of 2-powtr by h 
 —_—  crmoott-uiy es = pero 
Fong Reine ring eons. Wheels, -may eaſily con-- 
_ Fred. bi FF Faces? = hemaſe]ves ym {6 
a" dl are tot runs, 
that one deficient ſucceeds it 


anotber 
' And thar we 


may conſider the fame in the Muki cion off 
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to-CB as O20; (in 1 heir he and'E I to 4s 
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more than the morion of the 
he: only one leaver K M it wonld- 
LM woukt-be only | 


tin A: but if there ſhouldfi 


/ 


. 


Mechamck Powers. Book II1. 


Cay = - H———_ 


PROPOS. VI. 
A Theorem. 


Of Engmes moved by Water. 


Fig. 61. A Mong others thoſe Engines are moſt uſeful, 
which are rather moved by” Inanimate things 

than by. Animals ; becauſe that Inanimate things want not 
nouriſhment, and are-never tired or -wearied ; but-Inanimate 
things which are wont' to Animate Engines, are likewiſe all 
thoſe things which cauſe Motion, as Water, Wind, Smoak, any 
' kind of Weights, Springs, &c. In this Propoſition I ſhall briefly 
handle, thoſe Engins of that kind which are moved by Water : 
And I find that Warer can move an Engin in a double manner, 
either by an acquired force which can equalize a percuſſion, 
or ſimply by weight or gravity, thus ſome Wheels are made. 
which bear Water on one part ;_ in which *cis requiſite to know 
the preciſe proportion of. the Axis in Peritrochio: So: that the 
weight- of the Water may have the exact proportion of the 
Power, ard we ought to meaſure its force by the: diſtance 
from ithe Axis, which in ſuch caſe the forces of the 
handles bears: ' bur when, running - Water moves an En- 
gine_ or Machine . not 'by force of weight, but by acquired 
Orce, that is done either becauſe Water 1s conveyed by aplane 
much. inclined, or running into wings, or littie' hands, bur 
which-merhod is, beſt we will examine when we come to treat 


hn "of 


of. Hydreulic Engines. .: -: | 

- Fig...62.; But, is.certain that greater; Wheels have moſt force, 
for when, in Windlaces the power is moved by-a longer handle 
its force is increaſed, bar likewiſe a requiſite rime is increaſt, 
whence I often find in common Mills unneceſſary Expences laid 
out, to wit, they make the greater Wheels winged, in which 
the Water daſhes,alfo becauſe a ſlower motion ſhould follow in 
the Mill, they add a greater toothed Wheel which runs into a 


leſkr'; 10 that while the greater makes one revolution, the Mill ' 
makes 


Book II. Mechanickh Powers.. 71 

makes 8 Circumvolutions ; It is ſuſficient that the firſt wheel - 
AB, equipt with little hands, be -made lefs by one half, 
alſo the wheel CD to be + of thar; ſo that EF ſhall make 
only 4 Circumvotutions in each rotation of the greater wheel 
AB; for the Warer hath. ttie ſame force in reſpe& of the Mill 
EF, in moving by only 4 rurnings abour, 'and the Warer will 
twice as ſoon turn the wheel AB, being leffer by half; and if 
we weigh or conſider all theſe things exa&tly, and according 
to Mathematical - Rules, the fame "thing 'would' happen if 
the wheel A B ſhould be eight times leſſer, likewiſe C D ſhould 
be 8 rimes leſfer ; fo that each Circumvolurion of the Toorhed, 
or Cog wheel, ſhou:d anſwer each Circumvolution of the 
Mill E F. ;- KATY \ 

Which things, as I have ſaid, are true, preciſely ſpeaking, 
notwithſtanding we muſt conſider one. thing, viz. That greater - 
wheels becauſe they depart lefs from a right line, therefore: 
their little hands are longer forced by the Water ; bur in leſſer 
wheels each hitle hand. is ſooner elevated, whence.in alltheſe- 
fome mediocrity ought to be obſerved. | 

Fig. 63. Net only Mills for. grinding of Corn, bur alſo+ 
moſt other Engines, yea, almoſt all which are made in Water: 
are reduced co this kind ; Firſt, all Mills. for Corn, . which are- 
made on the banks of. Rivers, or thoſe.that. are made in litle- 
Ships,and in, the middle of. Rivers, or other Engins. which are 
for grinding of Nuts,or of. Bones to powder, &c. Alſo Engines. 
to make Paper, in which a wooden Cylinder of fufficient mag- 
nitude ſtanding. our, furniſhe with little troughs, ,” rakes up- 
wooden Mallots, which bruiſe and break. whatfoever is laid: 
under them to-powder ; your Gun-powder Mills in like manner - 
conſiſting in a Cylinder,, equipt with like troughs, which take: 
up Peſtles .of Mortars; for .in all .cheſe we muſt conſider Axis, 
in. Peritrochio, . as *' well in the wheel 'which the Warer forceth- 
or driveth, as-in the Cylinder and. its troughs, raking-up Mal: - 
lots, or.Peſtles.. | | | 
 Bg.. 64. Likewiſe Mills for Iron, in which alſo a Cylinder 
equipt with little hands, takes.up and lets down an Iron,Mal-- 
ler of a ſufficient greatnefs.. | Ns 

Fig. 65, And theſe. are. of divers kinds, according as they - 
are diverſly . required to be - made, for ſome. are greater,and: 
fome. are leſſer, ſome pound oftner than others. 


Fig. 6 6 
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' Figs. 66. Saws alſo which are drawn up and thruſt down 
: by handic ; alſo rhere is -another part of the Saw which 
belongs ro another kind, viz. to the Screw. _ Alſo Engines in 
which Bellows are wrought, or. blowed, which belong ro the 
ſame manner, as to-motion upwards and downwards, but it 
four pair of Bellows are to be blowed together, the Axis ought 
/to be made turning, or bowing, four oppguſite ways, that they 
may be moved in any order,and in each Quadrant. 
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PROPOS. VIII. 


wy 
———_— 


A Theorem. 
Of Engines that work by the gravity of Wezghts. 


& Lſo Engines are moved by Weights,and the force of their 
| Gravity, as are our Clocks, norwithftinding I thall ſay . 
in general, that all thoſe Engines are nor fir ro augment the 
force of Powers, but to ſhorten time, to wit, that char may 
be done in a ſhort time, which was wont to be done in a 
whole day ; that is, let an index of hours be moved in a whole 
day, that it may ſhew the hours properly, if a man ſhould 
undertake that without an Engine, he would Tpend the whole 
day ; a.weight being ſubſtirured by a man in one minute, in 
drawing or winding up the weight, nſes as much force as is 
neceſſary ro move the Hand of Needle the whale day. , 

The fame1l ſay, of Engines for the tuxning of Spirs” Th con- 
venient places, which have nothing pecyſiar bur their' motion 
of ſtaying,or topping, which we ſhall trear of hereafter ; and 
theſe Engins-are made after four manners, v2. with Weights, 
with Springs,by Smaak, -and by fone living Creature walking 
in a Wheel ; of Weights and Springs 1 fhall Tay nothing, for 
'cis. moſt certain I have. found nothing in them. more than too- 
ted Wheels, and Axes in Peritrochio; and the Animals which 
are commonly made uſe of for the turning ' of Spirs, are Dogs, 
but Geeſe are better, for they will bear their Labour longer, 
ſo. that if there be need they will continue their Labour 12 
Hours, Prop- 
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PROPOS. IX. 
A Theorem, 


Engines moved by Smoak. 


Fig. 7 _ which are turn'd by Smoak, ſhew plainly _ 

how much force. is increaſed by Axis in Peritro- 
rhio, for what force can there be leſs tro impel and move a 
Weight than Smoak, nevertheleſs while this runs into the win- 
ged Wheel A B, all whoſe wings are bent in the ſame parr, 
if the wheels are ſo fitted, that while C D makes four or tive 
Circumvolucions, the wheel E makes one ; and in like manner 
while the wheel E, or that annext to it F, is turned four or five 
times, the right line G' is only once turned; A B makes 25 circu- 
lations in theſame time that Gxiz.the Spit makes one,l ſay,from 
this multiplication of motion in the power, to wit, in the 
Smoak, or in the wheel, into which the Smoak enters, the im- 
pulſive force of the Smoak is increaſed 25 times, with reſpect 
ro the reſiſtance of the Spit placed in the point G, and I do 
not ſee any thing more in this Engine worth our taking no- 


tice of. 
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PROPOS. X. i 
A Theorem. 
Of Engines working by the Wind. 


Fip. 69."FHe reaſon is the ſame of Mills turned by the 
.- Wind,- in which alſo the fails are bent in the 
ſame part, for they are not directly oppotite rg the wind, bur 


every one in on2 and the ſame'part are ſomayhar oblique, | 
L almoult 
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almoſt in the ſame manner that Boys make paper Wheels on. 
2 Reed; fo-that while they run and hold it inr the Air, 'ris ca-. 
fily rurn'd, and becauſe the force of the Wind and the vio-. 
lence is very ſtrong, the Mill makes more turnings about than - 
the winged wheel in a contrary manner, as.in the precedent 

Engine. And the ſame queſtion may be made of this kind of 
Wind-mill, which is made of commorr ones, to wit, whether- 
they may not be more compendiouſly compoſed than com- 

monly they are made; for fince by the multiplication of the 

Wheels the motion of the Mill is, increaſt, whether or no it. 
would be better ro. make ltefſer wings, whence it wilt come to. 
| paſs that the firſt Wheel will compleat its rxevalution. ſooner, 

and therefore there will: not need; ſo: much multiplication. of. 
the Wheels, that the firſt Mill ſhould 'obrain' the fame motien ; 
'ris alſo worth our conſideration that the: wind is not applied. 
in one place only, but. almoſt in the whole wing or fait, and 

therefore the greater the ſail or wing is, the wind will not 
only have the greater farce, becauſe that, it makes greater mo- 

tion in the extreans with: reſpe& to the motion of rhe mill, 
but alſo more plenty of wind is adhibited, whence I think. 
ris better to uſe longer wings or ſails than ſhorter. 


= = a Mt a he. M——— 
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The Art-of- Malls depends on Axis m Peritrochto. 

T*O reckon up all the Arts which depend on Axis in Per- 
 rrochio would be a thing not unpleaſant, but almoſt an. 
endleſs piece of work, and would be rather like a Hiſtory than 
a Theorey, in which I chiefly write of-the principal cauſes of 
Engines, ſhewing by .what ingenutry every one may deſign or. 
contrive Engins after his own manner meet..sfor. the purpoſe. 
And I ſhalLinſiit a lictle on. the making of .Mills,. that we may. 
know how great profit we receive. to the commodity of life 
from Axis in. Peritrechio ; and although thoſe that are chiefly-. 
afdained,are Mills for grinding of Wheaz,and other Seeds, that. 
bread may be made of. flower, yet.ſome. part of them are 
defrgned to other ufcs; for as muck as the outer- Wheel is 
comman to all, which by water running into it, turns it and 
the Axis about. For if Wook, or Hemp, or Flax, be to be 
pounded, or any body ground io Powdsr, if. old Rags are to 
; | be. 
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be beat to pieces to make Paper, Title, pegs or pins are fixr ro 
the Axis, which in turning about meer with the pins of Fe- 
Mes and raffe them, and deprefs them, and their weight fall- 
ing on the marter laid underneath, cither batters or breaks ic 
co picces, or bears 'Tt tO in Morrtars. | Z 

tn the fame manner Peſtles may be diſpoſed to match with 
their hollow Cylinders, which bemgelevared by the hitle pins 
of the Axis, attraft the water into the hoflow Cylinders, or 
raſhing in naturally they admir it through the Cells, chen 
' falling down by their gravity, they prefs the Water through 
the Tab, and "force it to aſcend to an higher place. Or -if 
you hike not Peſtles ſo great and heavy, and would force Wa- 
ter to a higher place, diſpoſe a pair of Peftles by a Rape, .or 
Chain, pur through the hollow of the upper Wheel, py 
fing over the Periphery Joins them, or rather overthwarr, 
like weights joined to a Beam, {o thar while one is-depreſt the 
other is raiſed. And the pin of the Axis deprefles the Pelle, 
by whoſe force the water afcenling in the Tub'is preſt, ani 
the other Peftle being lifted up draws the Waterplaced beneath, 
, which in like manner is preft down after that by the pin of the 
Axis anſwering its pinion; from hence it comes to- paſs thar a. 
longer Axis may be added ro the Wheel, and more pairs of 
this kind of Peſtles in like manner may be difpoſed, and the 
pins in the Periphery of the Axis'ſo diſtributed, that not only 
more Peſtles may preſs or force down together, bur every .one 
after another, if rhe power turning the wheel be not altogether 
ſo ſtrong, if nor, and it ſhould be ſtronger, you- may depreſs 
more together, and raiſe choſe that aniwer them ; unlels by 
chance ir pleaſe more,to make uſe of two pair of Peſtles in the 
ſame manner, with ſo many pins placed in the Axis, that in one 
going round of the ſame Axis, the fame Peſtle may be de; re } 
twice or thrice. 

Moreover to this place appertains, what we ſez in many 
places in che Work-houſes of Hammer-Smiths of Copper « x 1- 
ron, where alſo the outer wheel being raum'd abour, ar.d the 
force of warer failing, the irmer wheel in the room turns as 
if it were turn'd by the hand, which radius of the upp er 
Axis is fixt parallel to the Horizon, and a rule joined to it f 
may be folded in rhe Joints, while it lifes up and deprelles har 
which 1s overthwart ; on the other end of rhe lame Axis, ta- 
king up i like manner from SGT depreflingfrom hence, 

2 i, 
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it procures an altern or changable motion to. the Bellows ; and 
the other wheel receiving a. ſtronger force of Water falling 
down, and turning its Axis abour,. the pins fuct at the other 
end of the Axis depreſles the little rafter or leaver,, whoſe op- 
poſite end being raiſed, is. joyned to a great Iron Hammer, 
which beſides the fall of the Axis with pins of it felf, light- 
ing or falling upon the ſubjeed copper or Iron being burnt in 
the fire, beats or hammers it. | | 
" Inall thefe the Semidiameter of the Wheelis.ta be conſider'd, 
in whoſe little branches.ſtanding out the. water running "into, 
rerains the force of the moving power ; bur the-Semidiameter 
of the Axis is not to be confider'd alone, bur alſo rhe length 
of the pins that ſtick out to be added, fſothat from both'is made. 
one only Semidiameter of motion which is communicated to the. 
peſtle, or to the depreſt end of the Hammer or Sledge. I ſay, ro. 
the depreſſed end of the Hammer, for the elevation of the. 
Hammer is ſomewhat greater than its depreſſion that a ſtronger 
blow may follow; for neither. the little rafter or leaver is alro- 
gether equally divided from its Axis on which it ſtays upon,, 
bur the Hammer is a little farther from ir,than the oppoſite end - ' 
which is deprefled, and therefore the depreſſing force is greater. 
' thanff the leaver were diſtinguiſhed into equal parts: Like- 
wiſe ity the motion of Bellows; firſt;the Semidiamer of the 
wheel is.to be.compared with the adjoining handle, moreover 
che radius fixr, to.the ſuperior Axis, mult be compared with 
half the piece rhat goes.a croſs. to which the Bellows are joined, 
and from theſe two proportions is compounded. a proportion. . 
of motion;or movement of the power, to the motion or move-. 
ment of the weight moved. 4 
" But yet in Mills. whoſe grinding ſtone; for Corn is. turned. 
round parallel to an Horizonral: plane, yea,and that very, ſwiftly, 
thar the grain may be diſſolved into flower, 'tis not enough 
that the outer wheel receives force from: the Water turning the 
Axis fixt to.ic, but alfo. the lower- toothed Wheel-is required ro. 
be in the ſame. Axis ; and that the-members,or parts,of the En- 
gin be not multiplied, in vain, they commonly fo diſpoſe the - 
Mill-ſtones, that the Iron. Axis that ſuſtains the upper Mill- 
ſtone, being furniſhr. with a place to turn, or run in, obtains; 
the- lower place, and Fel ws the runner as near as may be 
couches lightly, che upper part of che neither toothed Wheel 
-with its plane, having the. ſame Axis: with the outer Wheel. 
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Bur if the Mill-ſtones cannot be placed in a plane beneath, or 
above that which turns the lower . toothed Wheel, but only 
a little. beneath, or above, the Axis of the ſame Wheel ; be- 
cauſe the.. chamfred turning Joint + Joining very near to the 
Mill-ſtone, and ſo-. turning the-: Stone; is diſtant from the-roo- 
thed Wheel,..and this doth not.{o;convenienly admit of ſuch 
lang Teeth which the ſame turning joints, 'or the little rods of 
the runner, are able re mix with fitly, ;. thereforethere is re- 
quired another, Axis perpendicular:to the Horizon with a run- 


ner,and a.fixt:Wheel, which thall turn; abour the Jawer Wheel 


of this Runner, forcing its little Rods-with. its 'Teerh ; :for- the 


toothed Wheel parallel ro the Horizon, being fixt'to the ſame 
perpendicular Axis, is turn'd about together, and being joined- 
with the runner of the Mill-itone turns it round. | 
Here alſo are many. -proportions compounded, the: firſt is 
the proportion of the Diameter of the outer 'Wheel, ro the Di- 
ameter of the inner Wheel in. the ſame Axis:;; moreover the 
proportion of the Diameter of the Runner of the Mill-ſtone ad-. 
hering ta the Mill-ſtone turning round the Diameter ( whe- 
ther che whole Diameter be allowed, or only that part which- 
is the Diameter of the Circle-in the rotation of the Mill-ſtone 
deſcribed from the point between the Centre and the middle of 
the Periphery.) and if, as in the ſecond caſe; the perpendicu-. 
lar Axis muſt be placed between; beſides in the Compoſition, 
comes the-proprotion of the Diameter of the runner to the- 


Diameter of the toothed Wheel, perpendicular in the ſame {: Ge” 


Axis; from, whence it appears to be better, that 'the Diameter- * 


of the inner Wheel be leſs than the Diameter of rhe outer- 
Wheel, that the force of the Water forcing this may be more 
ſtrong; but allo we muſt rake heed that we do not make it too- 


liccle, ſo that its number of teeth ſcarce exceed the number of = 


little Rods of the runner adhering. to. the Mill, for this will: 
cauſe it ro move too flowly; and if the perpendicular Axis be in 
the middle, ſuppaſing this equality. of Teeth, and: of the little- 
Rods of the runner, one turning round of the ' outer - WheeF 
will only once turn round the toothed Wheel parallel tothe 
Horizon, and therefore in the ſame-time, the Mill: will be'on<- 
ly ſo many times turn'd abour, as the number of little :rods of 
1s runner is contained in the number of Teeth of the toothed: 
Wheel. fixt 1n the perpendicular Axis. 


Bue 
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But as you increaſe the mumber of times of the MHlI's rurn- - 


ing zound,take heed thatthe difficulty of moving in like manner 


be not increaſt more than needs muſt ; to wit, if the Diameter 
of the runner in the perpendicular Axis be exceifrvely leſs than 
the-Diamerer of theiToothed wheel in theſame Axts; if fo be, 
a: power: applied in the runner will be moved much flower 
chan a weight applicd at the end of the wheel with Teeth, 
and therefore the difficulty of moving increaſed : -Wherefore - 
all things muſt be- wiſely adminiſtred, that neirher the force of 


the jmovi er be: tied 'in vain; rior the Mill be moyed 


ſlower or ſwitter than need-1s. 

But if it pleaſe nor, or the diſpoſition of the place permit 
not the middle Axis to ftand perpendicular, but it happens 
more conveniently to be parallel to the Horizon, then the Teerh 
of the inner wheel having the ſame Axis with the outer wheel 
muft noc be fixr-in the plane, but require to. be faſtned in the 
extream Periphery,' that they may turn the runner of the 1u- 
perior Axis, (whether greater or lefſer, according as is needful) 
and with it the wheel rhat is Toothed, not in the Periphery, 
but ew Plane, from which the runner of the Mill is 
rurne 

Neither otherwiſe than before, is the proportion of force 


compounded, to wit, of the proportions of Tympanes or 


Water-mill wheels, or Crane wheels, which have a common 
Axis, as appears from what hath been ſaid. | 
Hence we obſerve, becauſe the moving power is Water, 
that the form :of a wheel receiving Water is not to be always 
the dame; for thoſe wheels which are placed in a running 
Water would be inconvenient if they have a very large Diame- 
tr ; or if but a liccle Warerfalling,the Impetus or force will be 
-- cory; if the little hands be prepared to ſmall. Therefore 
Is of this kind ſhould have indifferent Diameters, bur the _ 
lizcle hands poſſeſs a very conſiderable part of the Axis, being 
diſplaid very nigh the lengrh of the Axis, thar ſo by much 
Water running into them they turn round with a ſtronger 
farce ; ſo in the River Poe in Italy, commonly the length of 
this wheel is 15 Feet, the whole Diameter 9 Feet ; the Dia- 
meter. of the neither Srone is 8 Feet 3 Inches, having 108 
Teeth fixed in the plane, and the runner of the Mill is di- 
| Im into y Spindles; and the Stone of the Mill in thick- 
nzis 6 or 7 Inches, and its Diameter z Feet 9 Inches: Bur 
becaule 


becauſe the motion. of Water falling: from on high is greater 
than of a running Water, therefore the Diameters of the 
wheels ought to be larger if there be need, and: it fuffices if the - 
breadth of the linke hands. be very indifferent, as deing in- 
cladedin a Channel or Pipe, by which, the Warter falling de- 
Cays, Or is-loſt : Thar is to fay, a lictle Water falling from a 
Plane more elevated, hath greater force than from a Phne atl- 
moſt Horizomal ; and beſides a wheel of a larger Diameter is . 
eafier turned although from leſs water, for it hath greater 

ortion co: the inner wheel from the other pairs. *More- 
over the little hands commonly: are plain, or bur little bent, . 
ſo that the water: may run abroad here and: there ; neverthe- 
leſs ſometimes they are concluded on cach part with a ledge, 
ar welt, as it were a little Veſlel containing water for ſometime, 
ſo that the weight of the included water helps the turning, by 
preſſing downwards. ; Moreover in an inclined channel, the 
force of the water is greater in the lower part than in "the 
upper near the beginning of. the fall; ro wit, becauſe water 
naturally: deſcending. hathan. accelerated motion, - and acquires- 
. an. impetus from the deſcent of the antecedent. . 

Hitherto we: have conſidered. of: Mills which are. drove by - 
the force of water, adding. nothing concerning thoſe which 
are turned:by Men,or by living. Creatures, for theſe. have: no- 
thing peculiar, beſides that the Axis of the firſt wheel which- 
pxoures the- motion of che. reft of the conſequent parts, is 
perpendicular to: the Horizon, Ne moves cafier in 
- «R.Horizontal plane, . than in a vertical wheel, or Tympane, 
which is trod or trampled on ;. and. inftead of. the outer wheel 
driven by the. water, a Bar is fixt to the Axis, which they ci-- 
ther draw: by Cattle, or work. with Men. | 

eames iy we _ oy N_— of _ 
are Wrot y the Wind, whether they or grindin 
Corn, or bevidag of Fruit, or whether they be for wats 
of. Pumps, whereby waters are drawn from low grounds thar-: 
are overflowed : For that which belongs - to the inner artifice 
of wheels and runners, are like thoſe which are found in our 
Mills moved by the force of water, unlefs that in thofe, that 
being remote from a level plane ( if ſo be a fir place be grant- 
e&, and the wind caught by a large van) they afcend by a 
pair of Stairs, and the Corn, or Fruit, is carried into the upper 


place which they. intend. to grind, bruiſe or break, and the 
Flower. 
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Flower is transferred from thence: - which labour the Miller 
may. be eaſed of, if by the ſame labour whereby the wind 
rurns the prime Axis with its wheels ; Sacks full of Wheat, or 
Flower, may be taken up,or let down, 'with a Rope drawn a- 
bour the Axis, | being lapt.up,. or unfolded : That which is 
chiefly rq beconſidered in this kind of Mills,is that which per- 
rains to the Vans,or Sails, which receive.the wind, for: even as 
the plane of the wheel is nor dire&ed according to the running 
of the water, ſo neither have the Sails ſuch a diſpoſure thar 
they follow the leading of the wind : Bur the-upper part of 
the-little Houſe wherein the Axis with the Toothed wheel is 
'Contained, - is turned about 'untit the Vans;: or Sails, are ſer a- 
gainſt the blowing of the wind. EE | 
And the Vans or Sails areas it were 4 Ladders conjoined at 
right Angles in the end of the prime Axis, each whereof is 
covered over With Linen Cloath to reſiſt the wind, which if ir 
be pretty-:ſtrong,, the folded part of the Cloath will admit of 
ſome--paſlage to the wind ; notwithſtanding [theſe Vans or 
Sails, are not ſo-equally placed, as to be in one and: the ſame 
vertical plane, . but the plane; of each Sail is placed eblique ro- 
the other ſide, withdrawing it ſelf by little and little from the 
wind ; whence it makes the wind running berween the inter- 
vals, of-the four Sails40 repel'on the fides, and as it were ro 
ſmire-the.Sails by an Elbow, and ſo the iAxis/is curned accord-' 
ing to the Inclination of 'the.Sails ; for if there were no obliguity 
.of the Sails; -and all- as it: were made one plane in: which the 
Axis would be perpendicular, ir would be uncertain -in which 
part the turning would be ; that which belongs ro the breadth 
or length of theſe kind of Sails obliquely placed, 'cis not doubt-- 
ed bur that the breadtlz.of them helps-the motion very much, 
becauſe being: placed. in the ſame oblaquity, a greater part of 
the Air runs into a larger: than a' narrower Clothz, and in a' 
very ſtrong Wind, leaſt the velocity of the Engin be over much, 
we find ſometimes .:that covering half the Sails with Cloth ' 
will. do; -but whether or no 'tis worth while to encreaſe the 
length. of them, is ancertain: For although a power more'di- 
itanr fromythe centte of motion hath more force, 'notwithſtard- 
ing, becauſe-the ends of long Sails are very much diſtant be- 
rween themſelves, the-wind having obtain'd a- larger ſpace, 
-hath leſs force ; as alfo water flows ſwifter, and with a greater 
| i + endea- 
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-endeavour through a ſmall narrow place, than it runsthrough 
a wide open Channel; therefore I dare nor intirely define in 
theſe kind of Sails, in what place' the forces of the moving 
power ſhould be placed, as it were in the centre of vertue, or 
force; for near the Axis ro which they are faftned, the di- 
ſtance is ' ſmall, and the Wind as it were their object being 
ſtopped, blows more ſwiftly : And further from the Axis in a 
greater ſpace, it ſlides away more eaſily, and leſs incites the 
courſe of” the Sails; bur for as much as we muft not rafhly 
appoint the compreſſion of the wind alrogether ro anſwer the 
"changeable diſtances of the Sails, which are in the ſame pro- 
.proportion as their diſtance from the Axis ; neither can it ea- 
-4ily be affirmed, that the force of the Wind by compretlion 
doth decreaſe in the ſame proportion, whereby the ſame mo- 
tion increaſes by the diſtance from the Axis, from whence there 
would be a compound motion of the diſtance from the Axis, 
.and of the force of compreſſion to beequally diffuſed through 
the whole41engrh of the Sail or Vane, and therefore the centre 
.of the moving force would be in the middle of the length. 
Nevertheleſs all things rightly conſidered, I eſteem the centre 
of this force to. which the power is underſtood to be applied, 
to be not far from the middle of thelength of the Vane or Sail, 
unleſs by chance the Vanes ſhould be ſuch, that their breadth 
be increaſt by departing, or being placed further from the 
Axis, for ſo the diſtance being leſlened in. the ends of the Sails, 
the comprellion of the wind is likewiſe increaſt. 

Bur if you imagine any inconvenience to happen, by the 
Poles lying upon the lictle Houſe, and its being turned { », as 
the fails to be again the wind which they receive ; you may 
'on the top of the Houſe in an open place expoſed ro all Winds, 
-place an Axis of ſufficient ſtrength perpendicular ro the Hori-- 
-Zon, about which you muſt place the toothed Wheel pa- 
Tallel to the Horizon, from whoſe turning about, the Mill art 
laſt is turned; and the breadth of the fails according to the 
length of the Axis, muſt be placed in the ſame upper part with- 
out the Roof, that the Wind blowing, they may receive the 
force of it; even as Water flowing, the farce is received by 
the little hands of the Wheels. Bur becauſe plain even ſails, 
feem leſs apt ro continue the rotation, ſince thoſe which are 
Oppolte ro the Diameter, are at laſt equally expoſed to the 


force of the Wind, and would be forced neither to rhe right 
M . hard 
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hand rather than to the left, and therefore the tarning round 
would ceaſe ; therefore the ſails ſhould be made a little crook- 
. ed, or bowing, for by this reaſon they will be- made 'fo, thar 
che oppoſits will be unequally preft on, and the Wind. will at- 
tack with unequal force the convex face of the. right, bat' the 
. hollow face of che left Sail, to wit, it doth as it were remove 
it ſelf ro the Wind, neither is the end of its motion very much 
oppoſed, according to the bowed-direCtion of the Wind; and 
I make this hollowing ſo. bending every way, that receiving 
the Wind, ic receives its whole force:- Moreover the particles 
of Wind incurring in the two Sails that are: next each other, 
are refleed from the convex of one face to rhe hollow of the 
. Other face, and increaſes the force, or impulſion ; bur if 
you pleaſe not to have four, but five Sails, kſt ar any time 
TWO b oppoſed by rhe Diameter, I ſhall nor deny it. Cer- 
rain it is, that the length and breadth of theſe kind of Sails 
help very much; for- the larger they are, the more wind they 
rceive, and rhe longer they are, the further they be from the 
centre of motion, and have more force : But how the Machine, 
or Engin, muſt be ſtopt or ſtayed by folding or unfolding the- 
covering -of Cloth, thar it do not work when the 'Miller would 
have it ſtand ſtill, I ſhall not here diſpute, where we are only 
conſidering the force'of moving ; neither -doth the ſole uſe of 
this Mill conſiſt in grinding.of Wheat,or other Grain, bur alſo. 
in railing and turning. waters. another way, that marſhes may 
be drained, and other things of the ſam2 Kind, which preſcnt 
body always moving, they are not tyed ro-a certain time, e- 
ven as in. the work of grinding, which is not always uſed. 
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| A Pully is an we. > mt IP of one or more little wheels 
{ Kk turning ealily about their Axis, 'in which a Rope being 
drawn abourt-the wheel, we draw, or raife a weight; there is 
no-need of a larger Definition, fince almoſt every one knows, 
and hath ſeen this.kind of Engin, although there are very few 
that underſtand their force rightly, or wherefore they are u- 
ſed; and ſometimes 'tis wont to be uſed with one wheel only, 
and then *'tis-called dono/paſtos, or of a double wheel, and is 
called Diſpaſtos, or 'tis trebly multiplied, and is called Polys- 


- paſtos.” 
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PROPOS... Il 
A Thorem. 


4 Sengle immovable Pully peather adds nog Fes. 
| niſhes Force. % 
Fig. 69. F Etthere be 2 ſingle immoveable Pully A B, ſo 


that the wheel only is turn'd abonr its Axis, and 
let the ſnatch block be +mmovable ; 1Mfay, that Pully witl nor 
ENTS M 2 


Li 


Cod=--*. 


PF 


4 Mechamck Powers. Book IV... 


encreaſe the force of the Power, googerly ſpeaking, ſo that the 
whole advantage which accrues from ſuch an Engin, is, that: 
the Rope be not worn,: and that difficulty ſhun'd which ariſes 
not exaRtly from the weight, bur. from: the -wearing of the. 
Rope. 

The Demonſtratimm. An Engin, then helps not the Power, 
when the motion of the Power and of the weight is-equal ;. 
bur in the caſe propoſed,the motionof the weighr,and. the mo- 
tion of the power are equal, which I thus. make appear: Firſt, 
underſtand the weight in D, and the power in E, draw. the 
Rope, and the power drawing the end of the Rope defcends 
in the point G, and in the mean while the weight D aſcends 
in H, becauſe in both fices or poſitions the length of the Rope 
is not Changed, D A E will be equal.co. the Rope HA G, and 
by ſubſtraCting the common ſegment. H A E,, there remains 
the lines DH, E G equal; but E G is the motion of the pow- 
er, HD the motion of the weight ; therefore the motion of - 
the weight and of the power. are equal, wherefore the weight 
is neither increaſt. nor diminiſkr, and.the power hath the ſame 
force only, becauſe -if by it ſelf (no Engin intervening ) it be 
Joined .ro: the weight, it moves ſo much as:the weight ; there- 
fore the force is increafed_nathipg by rthis.Engin; which was. 
to be demonſtrated. Tire 
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PROPOS. I. 
A Theorem.. 
£ Power 1s. eafily applied by a fengle immovable Pully, 


| So there betwo Powers; {appoſe Men,raifing equal weights, 
and let one uſe a. Pully, and the other no. ſuch lnſtru- 
ment, I fay, the- firſt car eaſter apply his foree or ſtrength to 
ſach weight, than the fecond; for either the weight will ' be 
placed beneath the Man, or above : If the firſt, the endeavour 
will be ſo, that-the traQtive force of the Man m ſuch-caſe will 
be poſited in this; that the Man will be a little bent, the force 
of the. Nerves will endeavour to reſtore themſelves ro thele 
wonted. 
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wonted re&itude, or to hinder ſuch bending or crookednelſs ; 
- therefore when a weight is taken up in this manner, oft-times- 
the endeavour is in the knees and the whole Body ; or the 
weight to be raiſed is placed in an upper FREE: and then in 
like manner we muſt have recourſe to the force of the Nerves, 
but when we uſe a Pully hung. in an upper place, we may ap= 
ply the weight of our body, beſides this kind of force of the: 
Nerves, and oft-times without any endeavaur of the Nerves, 
therefore 'tis nor ſo troubleſome. 
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PROPOS. IL 
A Theorem. 
Large Pullies are moſt uſeful. 


Fig.. 71. N, Lthough as I have ſhewn in the firſt Propoſition, 
| that one Pully whoſe Snatch-block is immova-- 
ble, neither increaſes nor diminiſhes the force of the power ;: 
nevertheleſs we have {aid alſo, it adds to the facility, uſe 

that it ſaves the wearing, or rubbivg of the Rope, bur. there is. 
found ſome, although but little reſiſtance, in the Axis of 

the Pally, which ought to be turn'd abour ; I fay, thisdiffcul-- 
ty will be leſſened, by how much the Orb of. the Pully is grea- 

ter, for than the Semidiameter of the Pully, or. Rundle, is as- 
it were a Leaver, and the Semidiameter of the Axis as it were- 
a Cylinder in a whee),,or Peritrochio, and by how much greater- 
the proportion of the handle is to the Cylinder, ſo much the- 


eaſier is the motion ; as becauſe there is. greater proportion of.” 


the line G D,, to the radius of che Axis, than of the line G B,. 
the reſiſtance is eaſier overcome, which is made in the circum-. 
ference of the Axis, while the Pully is turned abour ir: 

There is alſo another conveniency in large Pullies, to wit; 
chat the Rope is not fo often folded, and conſequently nor. ſfo- 
much rubbed, or worn ; but I ſuppoſe alwaies Pullys ro be 
moveable abour their Axes, for 'f they ſhould not, we muſt: 
reaſon otherwile. 
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PROPOS. IV. 
A Theorem. 


A Man may take up a Weght heavier than humſelf 
with a ſingle immovable Pully. 


"T- Queſtion hath been pur to me more than orce, whe- 
ther or no a Man can take up, ortaile a weight heavier 
than himſelf, with a fingle immovable Pully ( 1 always under- 
ſtand the Snyatch-block immovable_) or whether a man thar 
weighs 150 pounds, can raife a weight of 200 pounds ? Bur I 
devide the caſe, ro wir, either a man fo ſingly ſtands, that rhe 
force of his weight, or gravity, only inſiſts on the Pavemen, 
or his Knees, and his whole body ſo indeavours, that the force 
of this endeavour adhears to ſome other Body; if this ſecor:d 
happen, a'man may elevare a weight heavier than himſcit, 
to wit, becauſe, beſides rhe weight of the man which may be' 
all applyed; there may be alſo a contrary endeavour from the 
reſiſtance of the Nerves, 10 that while I would rake up one, 
"with the Pally I rake up more ; ſome Knees endeavour fo, rhat 
they Cleave ro Benches, or Formes, and lift up the Bench<s co- 
gether with them, whence from ſach endeavour an union is 
made of the Benches with the Man; thatT may better explain 
my 1clf, ſuppoſe a man has 5o pound weight upon his Feet, 
and 'borh his hands to lay hold on a Rope faltned in an upper 
place, af the weight on the other part be very great, the man 
may by hanging an the Rope lift up his Feer, and elevare or 
raiſe the weighr of 5D pounds, in which caſe, beſides a weight 
equal to himſelf, he may elevare 5o pounds. + | 
Bur if he ſingly ftands on the Ground, experience teaches 
us that he-will only dlevate + 50 pounds. | 
- . | Bur we mult argue otherwiſe im drawing of weight inſiſting 
on the ground, ar-on an inclined plane, for ſince weight doth - 
not preciſcly relift an Horizon! motion, a certain rule can 
ſcarce be made ; for it depends on the evenneſs of the body 
on which the weight ſtands, or lies. 
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PROPOS. V. 
" A Theorem. 


Many immovable Pullys neither creaſe nor diminiſh 
the force of a Power, | 


Fig. 52. Et the ſeveral Pullys be EF G, whoſe Snatch- 
blocks are immovable; I ſay, akhough we uſe 
them altogether, the force of the | vs is neither augmented 
nor diminiſht : For let the power be in A, and the weizhr in 
C, draw'the Rope in B, and the weight aſcends in D. 
j The Demeonſtrat cn, Forces of Powers are neither diminiſhe 
nor increaſed by an Engin, when the motion of the power is. 
equal ro the motion of the weight, bur in this cafe ir thus. 
happens ; for when the Rope AEFGC, is the ſame by ſup- 
poſition, as the Rope BE F GD, they will: be equal, and the 
common ſegment A E F GD beingtaken away, there remains 
D C equalio AB; bur AB is the motion of the power, and. 
DC the motion of the weight, therefore the motion of the- 
power, and of the weight are equal, and therefore the forces. 
of the power are reither increaſt nor decreaft, which was to.. 
be demonſtrated. 


PROPOS. VI. 

A Theorem. 726: 

4 Weight bung to a movable Pully its half part is 
Diminifhed. | - 


Fig. 7 4 FF the Pully be A, and its.Snatch-block movable, 

and a weight hung to it, and the power in D; E 
fay, the weight will be leſſened an half parr, ſuppoſe the pow- 
er to-be fo moved, that the Pully A aſcend to. E.. T ba. 
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The Demonſtration. That the Pully A be placed in E, the 
-power ought-tobe moved as much as the length of the Chords 
CF, GD, for from the point C to D, is the ſame diſtance as 
between F and G; but CF, G D taken together, are double 
'the ſpace A E, 1o which the motion of the weight B is equal 
as appears, therefore the motion of the power is double the 
motion of the weight ; but ( by the firſt principle of Mecha- 
nicks ). as often as the motion of the power. is double the mo- 
tion of the weight, the whole force of the power is doubled; 
therefore in our caſe the foxce of the power is doubled in or- 
-der to ſuch weight, or which is the ſame, the weight is di- 
-miniſht an half parr, which was to be demonſtrated. 

Bur if in ſtead of the Hook C, there be added one power 
which ſhall be equally moved with the power D, we ſhaft 
-find by tryal only an half part of the weight, in the ſame 
manner as if they hore rwo weights equally diſtant, hung to a 
Beam or Leaver. | 
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PROPOS. VII. 
A Theorem. 


4 Power applied to a moveable Pully, diminiſhes an 
half part, m reſpe£t of a Weight hung on one end of 
_ -a Rope. 


Fig. 74T* in ſtead of the weight B being hung, a power be 

applicd ro the ſame Putty, and the weight hung to 
the Rope D, I ſay, the force of the Power is diminiſht an half 
part. 

The Demonſtration. As I ſhewed before, the motion of the 
weight. will be. double the motion of che power, and there- 
fore ( by the firſt principle of Mechanicks) the forces 'of the 
power are leſtned, and the forces of the weight increaſed ; 
which may likewiſe be ſaid of rwo weights, to wit, as when 
the weight B of 100 pounds is made in equilibrioih the point D, 
or which way ſoever the Rope G D ſhall require 50 pounds. 

Corol- 
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Corollary. 


Hence it follows,that an immovable Pulley is a Leaverof the 
firſt kind, of equal Armes, and a movable one is a Leaver of 
the ſecond kind, or in like manner of the third kind, of equal 


Armes. 
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PROPOS. VII. 
A Theorem. 


If to move he Wheels of a Dtal, or Clock, for 12 Hours, 
there be required a weight of 50 pounds, andl the 
weight deſcend 20 feet, keeping the ſame deſcent, 
a weight that ſhall move the Clock 2.4 Hours will re- 
quere to be 100 pounds, 


"2 propoſition which may eafily be deduced by the Cero/- 
lary of the precedent propoſition, becauſe of the com- 
hace; of its uſe, may be propoſed in this manner ; ſuppoſe a 
common Clock that requires a weight of 50 pounds to keep it 
in motion, and ſuppoſe the place where the weight deſcends to 
be 20 foor only, and this delbver ſerves for 14 hquts ; "and. we 
would, keeping the ſame deſcent, have a weight to ferve: tor 
24. hours, I defire the magnitude of the weight ; 1 ſay,. the 
weight required muſt be 100 pounds. | 

The Demon. Suppoſe the motion of the Clock and its refiſtance, 
co be after. the manner of the motion of the other, weight, '*cis 
certain by the ſuppoſition that the refiſtance of the Clock for 12 
hours, is leſs than of a weight of 5o pounds beirig movable 
20 feet ; but the motion of the Clock for 24 hours is double of 
thar which is made in 12 hours, and in like manner a weight 
of 100 pounds as movable 20 feet, is double of a weight of 
50 pounds that moves the ſame ſpace, therefore the motion of 
the Clock for 24-hours will be leſs than a weight of 100 pounds 
moving 20 feet, and will be exceeded by the ſame excels. 
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And the way to fir that weight is caſte, for if it be required 
preciſely to move in a lee double to that wherein it did: 
move, may be done; with no charge by help of « Pulley, in 
thar manner. as is ſhewa in the 7th: Propoſitian, vis. If the 
= hy faltned firmly at one end, and the other end join. 
cloſe to the Cylinder of the Clock. 

But if another leſs proportion be required; to wit, as-2 to 3, 
Or as 3 19 4. the Diameter of the Cylinder on. which the Rope: 
goes about in the Clock muſt be leſſened, according. to the- 
proportion given reciprocally, thar js, yf foriexample it be re- 
quired, that the*weight of the Clock ſhould move 18 hours, 
when before it moved only 12 hours, the Cylinder muſt be 
leſſened according to + part of its Diameter ; bur if there be. 
_ required a quadruple proportion, ,two, movable Pulleys muſt 

bewmade ve of. Laſtly, if a proportion much greater be- re- 
quired, add one Wheel to the Clock. \ .... adds 
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PROPOS. IX. 
A_ Theorem. Inn Ps 


hs Diſpaſto, or two Pulleys, if | the cord of a-movable 

Pulley be only turned about the Wheel, and is not 

_  Faſtned. ts its Snatch-blocks, or weight, but to the 

1c emmmovabie-_'pont,; the \ power -will-be only doubled, 
- which-draws by the other end. 


Pig: 76: JdEcauſe there are many: ways. which Ropes. may 
#6 4 * B be. putabour Pulleys, from whenge follow ſeve- 
bal angonetaboos of a power ; I will .updetrake to: explain 
this.in the brſt place, to wit, if one end af the Rope AD CE be 
aſtne& in rhe unmovable point A, or to any other point, as- 
the point B,- and be turn'd about the Pulley D, chen abour the: 
Pulley C, and be drawn by theend E ; I lay,.the:foxce of the 
Pye placed in E, with reſpe& to the weight. hanging at-D,. 
doubled. | | | 
The Demonſtration. The point E is equally moved with the 
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point; F. (by the firſt of chis) bur the point F.is moved with a. 
Jouble velocity to the. weight ary Jay D, (by the 7.) therefore. 
the point Eis moved doubly ſwiffer than the weight D ; bur 
E is the plage of the. power , therefore the power is moved” 
doubly {wifter than, the weighs, and (by the IT'S a of-. 
Mechanicks) the force of the power E is doubled : Which. 
was to be ſhown. | | | | 

Secondly, Let the end E be firmly fixt, or unmovable in the 
point E, and ,draw the w_ upward from. the power placed 
inthe point A ; I ſay, in like manner the force of the power 
is doubled, and the Pultey C is ufclefs. | | 

The Demonſtration, - W en the Segment of the Rope ECP 
in this caſe is immovable, it will be the ſame as if the Rope 
were faſtned in the point F, and one Pulley uſed only, bur 
(by the 6th. af this) ane Pulley placed in this manner, doubles 
the force of the power, therefore alſo in this caſe, the forces 

ofthe power are doubkd : Which was & be ſhewn. 


Corollary. | 


Hence it follows, that if the.power be D, and the weight in 
E, the end of the Rope fixt in the point A ; - I lay, that it 
this caſe, when the morian of the. weight is" doubled; the 
force of the power is leſſened. 
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PROPOS X 
A Theoreng. 


#s Diſpaſto, or two: Pulleys, if the end of the Rope 
be k ene ta the movable Snatch-block, anit tbe 
rage he turned about the ſame wheel, the power wil 
tripled, or threefold. 


Fig. 75. F Etthetend of the rope be fallened mthe poirt- F 
of the movable Snatch-block, then turn it about 

the. wheel of the immovable Snatch-block B; and again, turn 
N-4 <=. IE 


g2* Mechamck Powers.  BooklIV. 
ir” about the wheel * of the .movable Snatch-block TI, and ler 
the power bein the point C, drawing the rope upwards. I 
ay, the force of the. power is tripled. PU 

Toe D:1mmftration. 'Suppole the power C fo to be moved, 
that the Pulley I, touch the Pulley B; In this caſe there is left 
only ſo much of the rop2 as is required to compaſs borh the 
wheels, to wit, as much as, the portion FBE, and G HI, 
and the motion of the drawing power from C is equal to the 
reft of the rope, or to the parts AE, F G, HC; bur thoſe 
parts taken together, are uo the mation of the weight, to- 
wit, the line I E, therefore the motion of the power is triple 
the motion of the weight, therefore the forces of the power 
are tripled : Which was to be ſhewn. 


PROPOS. XL 
A Theorem, 


I Tripaſto, or three Pulleys. If two Pulleys are 
. emmovable , and one only | movable, the power is 
tripled. | | 


Fig. 56. FF Et there be three Pulleys, wherein two of them 
A and B are:immovable, or: immovable in the 
Snatch-blocks, and 'kr the rope be faftned in the point C; 
then curn the rope about each wheel, as you ſee in the figure, 
and ler the weight be-D, and the power in E: I ſay, the 
power is tripled. | | 
- The is her The:pointE.is. not more moved than the. 
point F, and therefore the Pulley B is only uſed for convenien- 


cy ſake. But the point F (by the oth of this) is moved rriply, 
or threefold ſwifcer than the-weight D; therefore in this difpo- 
ſition the. power is triplicated ; which was. to be ſhewn: 

Bur the end of the rope C Could nor be faſtned to the up- 
per Snatch-block, otherwiſe one of the upper Pulleys would 
have been uſeleſs. ; | | EXD 


PROPOS. 
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PRO POS - Ak 


A Theorem. 


I Triſpatto, or three Pulleys, two of them bemg 
movable in the ſnatch block, quadruplicates the 
power. p 


Fig. 77. T* there be three Pulleys, wherein the two lower 
ones A B are moveable; I ſay, the Power in C 
in this caſe is Quadruplicated. >: 

The Demonſtration. Underſtand the power C tobe fo moved 
in drawing the Rope, that the Snatch-block A B, rouch the 
Snatch block E, there remains about the Pulleys a Segment '* 
of the Rope equal to the Segments DEF, I BK, GAH; 
the reſt are drawn by the Power, and meaſure the Motion of 
che Power : But the Segments D I, LG, FH, CK are qua- 
druple the ſpace L G, therefore the Motion of the Power 
is quadruple ; which was to be ſhewn. 

Notwithſtanding, becauſe this kind of drawing upwards is 
inconvenient ; a Pulley ſhould be added in the Upper Snatch- 
block, .and then its force will be quadrupled, for the Pulley 
6 only added for conveniency. Fg 


P ROPOS. 
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PROPOS: XUE 
A, Theorem. 
Tf che Lower Snatch-block, be moveable, and the Power 


draw upwards, the Power is ſo many times multt- 


plied as are the drawing of the Chords. 


Fig. 77. & 57 the Snatch-block A B be movable, and the 
* & Power C draw upwards ; or that the Propofi- 
'rion may be more Univerſal, let it draw againft the immove- 
able. Snatch-block, then the Power is mulciplied fo many times, 
as there are drawings.of the Chords, becauſe then either the 
end' of the Chord being faſtned, is in the upper place, and bes 
ing drawn, the pairs will be doubly more than the lower 
leys,.: but the lower Pulleys double the Power, and'by the 
demonſtration, if there be one 'beftow, there is no-need of the 
upper one, as is ſhewn. in Prop. 6. and the force is doubked ac- 
*cording to the proportion of drawing. If there be two belaw, 
and .one above, *tis. ſhewn in the precedent Propoſition, that 
the power is quadruplicated ; and fo of rhereſt: 
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PROPOS. XIV. 
A Theorem, 


If the lower Snatch-block be movable, and the power 
draw downwards, the farce of the power 25 ſo mas 
ay tames multiplied, as there are drawing of the 
chords, one leſs. 


Fig. 75. = ſhewn that the force of the. power in F 
is the ſame as in F, bur if the power be in F, 
and 
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and its force multiplied according to the number of drawings, 
to wit, triplicated, and:m E there be added one drawing of 
the Chord ; this drawing of theChord, which is added, in- 
creaſes not the force, thereforeought not to be:compured. 
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PROPOS. XV. 


hm a ama A a 


If the lower Snatch-block, be movable, and the r 4 Þ. 
faſtned to the movable Snatch-block , any lower 
Pulley. doubles the power ,, and renders one upper 
power only equal to the weight. Nr 


| Er therebe any number of Pulleys in which the Snatch-block: 
| of of the lower is movable, to which faſten the end of the. 
Rope; May, It there he one upperPulley, rhe power isequaltothe 
weight ; if one be added below the foice- of the' power 4s. 
doubled,and ſo the power will be rriplicated;but the reft of the. 
upper ones add nothing, that. is, if there be two VISCOOS 
the power will remain tripple of it felf ; if another be*addetl.. 
_ below, it will be quintupk, and ſo on, which are all. demon-. 
trated, particularly in the foregoing Propoſitions. 
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PROPOS. XVL. 

If the lower Snatch-block, be movable, and the rope: 
faſtned to the upper, as many Pulleys as are below,, 
ſo many times. the power 1s doubled, the upper ones: 
ſerve only for conrvemency. | 

P any number of Pulleysin which the Rope is faſtriedto-ain' 


 immovabhle Snatch-block, the power is ſo many times dou- 


bled, 
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bled; :as there is lower Pulleys, or in a movable Snatch-block : 
That is, if only one be in the: movable Snatch-block, the 
force of the power is doabled ; if two, *tis quadrupled ; if 
three, *ris equal to fix powers, and ſoon, ſo that no propor- 
tion ought to be had of the upper Pulleys, or of their being 
in an immovable Snatch-block. 

The Demonſtration. 'Tis ſhz2wn in Prop. VI. that "tis fo in 
one Pulley. In Prop. IX. *cis ſhzewn to be fo in two Pulleys, 
10 wit, that the power in bath caſes is doubled. In Prop. XII, 
in three, or more Pulleys 'cis che fame ; the like proportion may 
be demonſtrated in others. 

Whatſoever is ſhzwa concerning the raiſing of weight up- 
wards, is to be underſtood of any other motion, whether 
Horizontal, or any other, to which weights reſiſts ; alſo of any 
refiſtance that we undertake, to overcome by Pulleys. 

Alſo as we compare the- power with the weight, we may 
in like manner compare two weights between themſelves ; 
likewiſe if you place the power in the place of the weight, 
and in like manner, if the weight obtain the place of the 
power, the weight will be increaſt with reſpe& co the power, 
or- the power diminiſhr, which words are all of one {1gnifica- 
tion ; and, the moving power may obtain the place or: the 
weight, -as often as the forces are abounding ; but a moſt ſwift 
-motion-is produced in a weight, which fimply from a power 
cannot be produced without an Engin, becauſe the power 
Cannot move it ſelf wich ſo much velocity ; which principle is 
tobe underſtood in all Engins. 
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PROPOS. XVII. 


Th diſpoſe Pulleys ſo that according to the number of the 
 - Pulleys, the power may always be increaſed continu- 
ally m double proportion, 


Fir. 78. He increaſe of. power by Pulleys hitherto treated 
| * A on, ſcemsrto proceed only according to Arith- 


bole metrical 
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metical proportion, ſo we ſhew in, the precedent propoſition? 
that: according to the number. of Pulleys placed inthe move- 
able Snatch-block, the force of the power is doubled ; now we 
will inſticute another diſpoſition, wherein if there be only one 
Pulley, the force of the power, will. be doubled, if ewo, qua- 
drupled, if (three, it will be oQuple,, if ' four, the power will 
'be equivalent to-fixteen, and ſo of the;reſt. 

Suppoſe a weight ro be raiſed being faſtned to a moveable 
Pully B, and let one end of the Rope be fixt in the point G, 
and the other end of the ſame Rope reach to the Snatch- 
block C, in; like manner. let another Rope F C'D be firmly 
fixt in F, and the orher end fixr to the Snatch-block D ; let 
there be a third Rope E-D H, one end of which faſten well 
in the point E, and let the power be in H ; I ſay, the power 
in H of it felt-- being equal to the weight;»being ſo diſpolcd, 
is otuple of the weight: ; EG 

The Demonſtration. "Tis ſhewn (at Prop. VI. of this) that 
the power in H is moved with a double velocity of the — 
-btock- D, and-rhe” Snarch-block D doubly ſwifter than C; 
and C doubly ſwifter,: or as-fwift again as B, therefore H is 
moved eight times {wifter than the weight, and (by the firſt 
_ of Mechanicks) will have eight times greater force 
1n relpe&t'of the weight ; therefore *tis ſufficient that the 
power be ſuboCtuple of the weight to be in equilibrio with * 
the weight, | 
: \\Qr it. may be demonſtrared by any Leaver, for a Pulley 
diſpoſed in this manner, is a Leaver of the ſecond kind, in 
which the weight is preciſely in the middle berween the pow- 
er and'the prop, or Centre. + Wet th 


PROPOS. XVIII 
A Theorem. 


By Pulleys any weight may be moved by any power. 
| If the power be never fo little greater than the weight, 
.& it may be moved by any Pulley that only 35 the 'ap- 
plication, bur if it be equal, and the Pulley diſpoſed aft 
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| another concave cylnder, cut in 2 manner in- *® 

36tÞ - = to concave Spires, ſo thar che convex. Spires ar 

S "Adlices of the -former ; Cos, fir - ON CONCAaves which are: 

-... putupon them.. imes is.fixt and im- 2} 

\ -moycable, and-inr "9p dis {mg [75-6 circular motion, 0 

4 _ alfo 2 xight motion, whereby. the whole Cylinder goes-/ 4 ? 

| I Sometimes the Sorgw:is inimowvable, and theconcave Cy- * 7? 

Wo er is only moved, andopmmont 2 fimple Cylinder is ade. | 
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be-the weight, and ir be moved round in the Orb, fo thar it 
-#{cend according to the Spire; of the,Screw, inclined to the 
"Dorizon, or if the Wood .D'E - be itmmovable, the Screw ir 
Lf being tarn'd about, which, is confider'd by the manner 
of 2: weight, , its aſcent will be by the inclined' plane of the 
Spires of the concave Cylinder 'F G; bur theſe conſiderations 
d, uperfipous and unprofirable, when more immediarely the 


w is 


l I 


"ce of the Screw may be meaſured from the firlt principle 
CN Faby fk etuction, 2 eek 
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To explane, and.meaſare, "the force of the Screw, 


Fe. 79. Þ Exe Screw be/N/B{ futniſht with ifs handle BC, 

| for alſo in lefſer Screws of Iron whichare made 
uſe of to ſtrain ſomethingy: there is added-a head firniſhe with 
a notch ox cleft, hat there may , be. pur in ſomething of Iron, 
which may obtain the fotce of a handle; And let the powe? 
be applied in the. point -C, and underſtand one Circumvolu- 
tion.ro be made, or the circle* C K L to be deſcribed in the 
mean while,the weight aſcends, from one circumvolation-of 


theSpueto poorer: to wit, as much as-is the line N OO. An 


interval, or ſpace;-<qual to the line'N O comprehended be- 
rween the two Spires, is found roo rimes in thecircumference 
CKL; I fay, that it may be in equilibrio, there is required 


ſo much power as is only ſubcentuple of the-weight, 'thatis, - ==: 
if the welghs be- 100 pounds,, ir requires a power only-equal 
. pound. _ 1 £0f1971% FHOU1 13989 Sitti] vil bo a 


co 1. pound. | THINS lt, 
' The Demonſtration. © Tis then in" Equiſibrio, 'whenithe' mo” 


tion of the -power is to the motion of the weight, as the 
weight it ſelf is to the power, 'but in our cafe the motion of 
the -power is centuple the motion -of the weight, and 'the 
has þ 1 an hundred fold of the' power itſelf, therefore-*ris in 
Equilibrio, whence if 'the power be 4 little' greater: or "more 
than one pound it will overcome the reſiſtance of the weight, 

| O 2 Corollary. 


be 
»*g 
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If the power be applicd tv the-wood D E, fo that it move 
downward by a right line, and not circular, notwithſtanding 
it will compel the Screw to movecircularly, and ler the weight 
be in C, the power... requires to be centuple of rhe weight ro 
move ir. © But if the wood D.E be moved citcalarly, .and; rhe 
weight aſcend upwards - in a right line with the Screw; as if 
you feign the weight to be B; the whole circle deſcribed by 
the wood would be compared with the circumference of the 
line N O, which meaſures the aſcent of the weight in each 
circulation. 


A a_ —— 
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PROPOS. I. 
: .: A Theorem, 
| The drvers uſes of fungle Screws. 
; Fig. 80. Þ Ra uſe of ſingle Screws are vatious, "ahd for rhe 
moſt part they are uſed ro ſtrain, as. appears in 
the 79th Figure, in which-the Screw AB is faſtned in the 
hole B, alſo'tis furniſhe with irsSpires, bur.the hole C is ſingle, 
and conſiſts of no Spires; while the head of the Cylinder ar- 
rives in C, and the Screw is turned abonr, the woods B D, 
. CF, will come, or meet together, and the force of the power 
* will be increas'd according to the proportion of the circle de- 
— ſcribed by the;end of the handle AE, to the interyal of the 
Spires,” or Helices. .* I ER oe 
And the ſame effect follows whether the wood B ND be made 
4mmovable, and ſo the wood' C F, come to that, or the con- 


The ſecond kind is, Fig. 81. when the Screw is at one end, 
and the wood to which *tis faſtned, is at the other end, and is 
immovable, and then the power will be mixt, to wir, of the 
Screw and Leaver,-as in this figure, if the Screw A B, be in- 
grafted to the wood A C, in the point A, and the piece of 
timber co which 'cis"ingrafted be fixt in the point C; and the 

72) FREIE. weight, 


Book: V.. - Mechanick Powers. Ion 


weight, or thar which reſiſts the preiling, be. in the point. D» 
C A will be a Leaver of the ſecond kind:'! © 7 1 

© And that you may meaſure the force of this Engin, ſuppoſe 
it a Wine-prelſs, and'let the beam C A be'equalto a weight.of 
200 pounds, that is; if -it lies ' on a parcel of Grapes, it; will 
make the ſame compreſſion as 200: pound weight will make ; 
and ler the Screw be':ſo-made, that each ſpire: be-diftant from 
one another -one-inch,: and the handle B E 5! feet, '{o that its 
whole circumvolution will be 22 feer, or 264 inches,. and ler 
the force of the man that preſles;” be-equalto.'xoo: pounds ;/I 
ſay, the man alone. hath ſo much force ro preſs the Grapes, 
as hath the weight of 52808 pounds; the reaſon is clear, for 
while the man runs over 22 feet, or 264 inches, the beam A 
deſcends only one inch. and the weight D, which. is in the 
middle of the Leaver'A'C, is only moved half an-inch, there- 
fore the force :of the power is increaſed, : according. to the 
. proportion of .264 to +, or of 528 ro 1; but the power is. 190, 
therefore the force of the man, ufing this preſs, will be equi- 
valent to 52800 pounds ; which was to be ſhewn. 

Fig. 82. The third manner will be,- if you, make: uſe of 2 
Screws, which are moved together, or ſucceſſively after :each 
other, and-one in reſpect of tother, hath the: praportion of a 
-Prop, .or Hypomcclion ; © as::if the Screw. A-be- nipved, the 
Screw B-not being moved,-the point B will-be:theProp, -with 
reſpe&t ro: the Leaver A B, which belongs to the ſecond kind 
of Leaver. | ; G1, 20399) 

Fig. 83. To this kind of power arerecalled the Vices which 
-Iron-\michs uſe; likewiſe the: Preſſes which Printers-uſe; and 
many other Inſtruments, | whofe foxces we may meaſure by the 
{ame principles. ' | 1 ﬀ; 7537 18 | 
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Fig. 84. | call that a compour.ded 'Screw, whoſe convex Cy- 
linder 45 not ingrifted, pr fixed, infa its corre- 
| {pendent 
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ſpondent concave; but iis mixt with other powers. And firſt, 
if the Helices of the-Screwcbe | fitted to:a teothed wheel, "tis 
calt'd:an-infinite | Sctew; "or mbving} in (nfinitum;; the! forces of 
this'power. arelwonderful, [for:ſuppoſe a,wheel roconlift of. 50 
teeth; alſo/:let che Axis be: A, abour which the:;rope goes 
rolind j\iand/ler the handle B: C, be'to; the Semidiameter of 
the As}: as:4 tOiz, and let the poweriof the man be equal to 
- rospounts; 1 ſay, the.man'ibeing furniſhe withſuch an Engin, 
's in'Equilibeio with'a weight-of 20000'poutds; and the man 
-wilbbe equivalent to;200” men. 1} 117 fir mn_ 
| } ration The handle BC hr to make 50. cir- 
camvolurions, i while'the - wheel only - performs one becauſe 
that every Tixcumvoluton: of the :SCrew. impels only one toath : 
Therefore-/whilethe 'handle/B C: is curn'd-round- 50 tines, 
he'Tythpans: Aas only once turn'd about z bur thecirculation 
-of chethandles: ro>rthe: circulation of the Tympane, as' 4 10 1, 
[therefore the morion of:the power applied in C; is to: the mo- 
-rion of ' the weight, /as'200 to 1;; therefore. by xeciprocation, 
the power as-of i'r: pound will bein Equilibrio with a weight 
* of 2.00 pound, i or' as 100 t0:20000,,, which was to be demon- 
'ſtrared!'" viovilts00 li] 19,121 12993 2 3 S{QOFL © aw  2W313C 
: \"Buv:ifcipſtegd of the! Tynipane- A; you uſe; another Screw, 
-t0 Spratics cheifame.number of ceeth: ſhall 'anfwer, : one 
man willibe: equivatcricito 10000, men. If you make-ufe of 
- hiee Screws /initherfaine mariner, and order, with wheels an- 
fwering to them, one man will be equivalent to-100000 


-,* Nevertheleſs; ſcarce any  Engins are-:evier made {o:ſtrone, 
-but-in praRice' they become unufeful, -becauſey:that exher:.the 
ropes break, or that which they are faſtned to,-/is' notable. ro 
fakzin, or the teeth, or other parts break, the weight. being ſo 
This Engin is moſt uſeful, as. often as the mation is to. be 
diminiſkt, as when; for example, {we have a wheel in a Clock, 


which is turn'd round once inevery hour, if you deſire a mo» 


tion 12 times ſlower, the:Axis of this firſt wheel, muſt have a 
Screw, to whoſe ſpire the teeth of the other wheel, muſt be 
ingrafted, which muſt have.” 12. teeth; and\ ſo you will have a 


motion 12 times ſlower; ſo if in a Clock you havea Wheel, it 
-;or:Axis, whichis turn'd about twice in; a day, which is-fur- 2 F! 
- ;Niſht with a Screw, ard anſwers:tQ a wheel; having 59 teeth, '7Þ 
y this "Fi 
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this ſecond wheet will be once turn'd about im 29-days and: 
=, which is the period or circuir, of the Moen, and fo of the 
reſt. He that delixes' mote concerving i.e Screw may conſule 
Ubaldas. 

I ſpeak not here concernipg.a coreave Screw, Which is one 
among Hydravlic.Engins, 'and- which properly belongs ro an 
inclined ylage ; th=-henefir SergW. are by he firſt ad- 
vantage B, that the motion of the weightis\mprediminiſht by 
one ſpiral line, }thap by,mapy toothed whkeeÞ. Secondly, 
without any ſtay, although the power be relinquiſht, the 
je IG falls- back -again, and therefore-muſt remain. 
where it is. 

The more Helices there ar& in. 2 Sorew, and the more ob- 
tique, and the longer that the handle is, theeafter the weighe 


-1ts moved; and in a concave Cylinder, (or- the mother) the 


more Helices there are, the leſs the Screw ſuffers, for when 
there are rhany Helices, the weight is diſtributed in. ' them, 


| which would preſs, or lve ory one" ohly. « fr9t>} 30 "04 


Fig. 85. To this /Engin'we may tefer a certain invention ob-- 
vious enough, which we do not uſe to increaſe-the' force; of 
power iniorder ro- motion, - btit 'only ro fuſtain-a weight ; For: 
if about any Cylinder there be made a hoKow' ſpire abour. 

| phthy, OL. 
great, 


which a-rope is rurn'd, if you hold the rope but 
prefs ic again the Cylinder, the weight, alchough it 


will be ſtayed by RON being: adjoin'd/toithe Cylinder : 
' Theſe Channellings, or 'Hollowing:, are uſeful'if any one be 
minded 'ro: defeend from a high- Tower without -danger,- and. 


that ſwiftly; or flowly, | according 'ito-pteaſurei-4] 1/7 4 (21 
Awgers, Wimbles, and Piercers, are referred to the Screw. 


"which enter the eaſier, by being made Tharp in the” natiireof 


a Screw, as experience teaches, in great, Awgers, with which 
Pipes are boared to:conyey Water from Fountains, becauſe its 
apex repreſents the figure of aScrew, which of its own accord. 
enters the Wood 1o tht there is but-liitle need of Force. 
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; Lthough the Wedge' be a fimple Inſtrument, and there- 
fore of ſome, is' ſcarcely; alcribed to the number of 
Engins, .neverthelefs it is:of ſuch force, that deſervedly ir finds 
a placchete. lh ot on 0h | 
\'The' Wedge is a triangular Priſme, whoſe ewo - refangles, 
end ina common. right line. | 
. And that it may be uſeful, ic ought to be made of ſolid 
'marter, as of. Iron, or Wood, and ſuch like. 
: 1-Irs\ uſe is in-the cleaving; of Wood, parting: of Stones, and 


-dividingottier[/bodics thar may-be clefr, or cloven; a flirbeing 


tmade-in the body, the edge of-/ the Wedge is thruſt in, and 
and a ſtrong percullion being added, forces in the Wedge. 


s 4 4 
OO —————w—C_——__—— — 2 Rs I. i —  Q—_ — 
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PROPOS. LI 
A Theorem. . 
T he force of the Wedge explained. 
Fig. 86. | Y (=-=3-Þ reaſons are altedg'd for the force of the 
ge, and firſt from Ariſtotle; in Queſtion 17, 


the Wedge is recalled to a double Leaver of the firtt kind, in 
this manner, to wit, let the Wedge be A BC, Ariforle under- 


ſtands 


BAY 
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ftards the line AB, as a Leaver of the firlf Kind, whoſe Prop 


preps i the 
E:PQ wer R E WES! the ere x 15 
. A 
bo A _ x. | EY 
A _ not = A, nevertheleſs the 5, 0 the - 


Nt 
be the ſame: If the ſame of the leaver CB. 
"The ſecond is alle, that the Wedge touches the Body to be 


divided with its poinks uſe, hat for the molt 
art the extreams D and E oulfoikÞ? 1 geo We mea- 
ure the torce of the _ ge, do ard t rti 
which toſhund :bepyween i\A-Diang> DB) bocthowts ma 
ſha por the Wedge is, ar the. keſfer WR :ic contains, the eaſier 
it divides. 


Whence Ubaldus in his M hanicks , imagines, that if.;th 
Wedge: be recalled, 19. A Lees Wed be N i Sled By # 7 
nia, 


doubfe Fat of Vzou! 
inupes woes Oo. Tn R's, Gl MAW Ne: Was 


want a PORE, ang neverthe 
before; fo that the inclination. of angy, I£1 RE 


ſame, touching i in the poipts in which bogly is, , 
Te. 8 87. Wherefore Sh! hers, recal Wy «hs Hes thy 
plane, 2# if the Hody tm. [END vp bg, As pDAer Which 


Wedge. pi Ja , that bg ve P94 
ne, for "tis a wes: Niker the ng be Ore WDOD (| 
plane, or the plane move under ir, for to aſcend hy yet: 


page This FI: not abfurd, nevertheleſs, I con- 


—__ The oa why thie = of the power are inczeaſed 
by the ; Mele, is, becauſe the power is moved much,  ard- 
the w t little, or the greater motion of the power is 

bc Foko pt the leſſer motion of the weight, and arejoyn'd 
: cogether. P Which 


. the in. A, & the wei ghr 1 wit. 
Gd We, his Fol In Hikes RA LD who 
they Lear \Wh oe prop is gt h We zower ig © ens 
"ot nie; = log contfaty” t' 
whe Maps 
Fs 


the ſame ; therefore there AF ip the Wedge rwo inclined. ,, 


that a1 who ©E Ig oo _ 
of ichoe {POWs ore © aid, REM! 7 E., 
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" Which I ſhall ſhew, -as in. the Fig. 86. let the Wedge, A B c 
be very ſharp, which by one or; more | Bing, runs into the 


w $59 CE: IN in the-mean w jg ont the of the 
Gn Page one '- an( &x_fcooramny to. 'the 
9% 5 Pin. Wedge gle Tore 
60, degrees, B Fr. will be. great THE a0 tha Lone: Is 
kobe g according to the. line Oi ha i Yeh Ard ing 
ro. the line DE, wherefore ſechdin rcuſſion. which way 
lever, if the:power othe' impel Wales. its forces are 
Ealcc hg co the os 's Fi EOS BF tothe 


—_ — "> 
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The, Bar the. Wedges ws the greater force they 
 add'to the _—_—” 


IX there be any 2 Wedges: whereof one is more acutethan 
che other”: I'fay, rhar, which is moſt acute, confers the 
gene] force ro "the power; for by how much the motion of 
e power, -1s greater than the motion of the weight, it hath 
greater” force in. reſpe&' ro that weight.” © Bur a more ſharp 

e is ſuch, that it requires agreater mction, of the power 

in Tag: to. the motion of the weight, for in two triangles, 
we «pp an [ baſe, that which hath the, angle oppoſite to 
the baſe _ acute, will have the longeſt fide :'But in the 
Wedge, the baſe meaſures the'morion of the weight, and the 
fide rhe motion of the power,. therefore OB moſt acute are 


Pave erful. 
_ 7" re” 


" Wedg oWhoſt angle” is greater al an” le of '66 Pu 
grees, rather decreaſes than increaſes the Force 0 a WORers, 6 
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PROPOS. IM. 
A Theorem: | | 
Divers kinds of Wedges. 

Lmoſt all Inſtruments which Artificers uſe to divide; 'Or 
»£ A cut with, :are-recall'd ro'the Wedge, as all fort of "edge 
cools, Swords, ; Pen-knives, Nails, Axes, Hatchets, are Wedges, 
for neither is it efſentiabro:a Wedge, that the percuſſion: of ano- 
then hbody-+be forced-betweeh- the:!body to by: divided, for!ic 
- may. either be ſimply impell'd,-'or; from-:a Far te conceived 
from the- leading; motion - to divide it ; Awgers, andPiercers 
contain a Wedge. 131 if 50 it tr 767 


D O—— Sr — 


 . Of Percuſſion, or Smiteing. _ 
ps Pop ae fe its f 
A Theorem... cn zi Ke 


[| Being in company, ſome' years. ago,- with my Ingenious 
friends Mr. Bankes, the King's Maſter Carpenter, and'Mr. 
Morris Emmet, the King's 'Maſter Brickhayer;: fince deceaſed, 
among other things-thar paſ#d'in' our diſcourſe, 'Mr: Bankes 
was pleaſed to ſay;>thar he chought there / conld-be:no reaſon 
given of the force of 'Percuſſion, nor no comparing the pro- 
portion' of - weight preſſing a Nail, or ſuch like thing; 'entred 
in a board, or Timber, to a blow ſmitten on 'the ſame thing. 
Indeed the ſaying was very difficult and abſtruſe, yer'T remem- 
ber I rold him, char the learned/and:Reverend Dr. Wallis, and 
' 2:4 84 $144 10171 "Big 1:7 F1RD3 15300 | 
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Caſſatus had writ ſomething concerning ns and alſo-the learn- 
ed...Dechales, . whole principles I.defign.to follow 

Ariſtotles 19th Queſtion couches lightly on the force which: 
is produced. from. qercallgn's OL NG b opens he explicates no-. 
thing farther, Ev vg fay, only propoſes a difficulty, 
ro wit, that mo . mo weight be laid upon an Ax or- 
Wedge, yet it conduc&'Wl'br norhing to cleaving, bur char: 
a2 blow ſmitten with _ rk ity, affects much. Then he- 
ſeeks how muckngtavi vie" NY EL 3 ro the better un- 
eeftanding, REO, in the firſt place, E hall refer [0.. Expe-. 


rience. 

"Thee FicR'E: - Hen iThatts Ve; 61 echake Percudidn) i is. 

reareſt, r=" 5 whe 46:\wifteſt, from wharſoever"cauſc' the - 
ame” motion /proctets, whether Ir bercirctitar; 'or-right, *is. 


licele different... Froth whetieeit xotads ro pals, "rhar'h Blam- 
-merpor Matter, furnifhe with 'ailonger figndle, 'iukesa ftron- 
ifter 'morton, 


-gor=Blow, becauſe that pbyyer can rinpreſſs ur 
Er if 3 it be moved with equal velocity, wheth&o i beiturmiſhr 
with a longer or ſhorter handle, the percutlion would _ 
equal-;- - alfo thence Fthink-may beconetided;-+ 
tion adds nothing to —__ unleſs there were a  diſpoſiri Ition 
to ſwifter; orion, AÞSth efore, vi the amfie r ſhould be- 
moved equa ally ab ur _ (Center 1 would not F590 ſtron- 
ger after a-laſting motion FTW 5 ve ſhore motion... Alſo. 
*is clear, that wheh with a Staff, or a- 
Sword, the ſtroke is ſtronger a ran end; becauſe then the 
aff is moved. about rh&k23d/H5habdhr a centre; whence the 
morion is ſtronger about 5 end, I ran Ic, about the end, | yet: 


notin the end, by; orion. 

Secondly, Let wv grorkerigngps moved with equal 
-yelocicy, with:!a :Jefier,: produces: notwithſtanding = GP 
-blow.; for; 'tis:cerrain,, Wwhile:twa: bodies:of the fame mar 
_and:;divcrs: wpgreyde fall. fram!on: hs they deſcetid -almolt . 
with ooh ———_— fo, ———_ rence: is. yery-fmall,.- mo. 


Mis, fomuchi.only;as &. be the:rehitance of 'Tthe-air pro-. 
portionally: inthe _ 0::thegreater, neventitdets, the. 
}greater-body-ittipreſſes: a H—_ blow; whicty effe&t--camnor.- 


be Onlpartriorod. ro. the-greater gravity. ;/: for tet there be'a 
-Aake-{tnok-in theiground, and'lerrwo bodies beſte from-an . 
equat:.height, ane of :160;pourds, the other of 4 ddqounds, 
 Ucarrain that there will be&1a ſtronger impreſſion. from he 
ſecond: 


Book Vi. Mechanick Powers: TO 
ſ£cond, which cannot be attributed _ ro the gravity ſimply 
eaken,_ for if this ſecond body be pu Ss ſtake and gravitare 
©0 it, or ould fall on ir from on , thei Jn" from 
a body leſs heavy, wpuld nor befor Therefore a heavy 
body falling, rakes : a greater ſt than'a lighter body; and 
this imprethon ought not to be aprijured only to the greater: 
ravity. 
: The Third Experience. While a, body is moved about ſame 


centre for a 6bn tune by is caller" Roproritiy'd if you lay 
hald of ir by! tb erd, than by any other part nearer the 
;Centze,,wbich & tobe, vagerſigod if A ay 
"$PPtDe; Pri che. beginging of the,mo 

he pork engender'd,. it will be p- : 
75H or ra is obtain'd from the action; of the le; 
| Ry de reap. rhe Econd.ou "An  becaule; the mo-- 
10 Dn 6 G12 654.n the £90), Eh . 


Hd TA 5, $ Trae: Sn Yay other is. moved, h | 
{ſt & part of as r, abourthe, endj.,2 i v 
than jt it proceed: 41m Specominpance, me make. 
A link crannekorithigitheS Sword; .and ury..thene- 
in, which- conveys the. _nce o, Percallign, ro! Pong, ang 


makes the ſtroke ſtrongex. . S, Whi Me DP! 1S EXLE 
in.one.order,;,/tis, mapeS:man "at, = 
; i$+ngt 10 Sr6gHs ra 9y.rhs oF 
ron 
"Big. 83. .Tpe: Fifth Expeiente. | While aba 47-10 
-fcends; 4ir-caules aggreat-12 et | 
.the ſubjeRed body, -as. af. The whole. Wy, odp el. .OnAt.;. wEOD 1s; 
3f.2;aquah badies'A and;B,, fall from H6fn 10 It, ThE. bit 
whereof {mites the flake C only yp omg, part, oh it,.. butgahe 
omhetacgordingtoius-wholeloweltſuperficie, yeran equal ſtroke 
follows, which. I, have . found...by ExFerience,, that.,l...maght . 
-confure the. opihion. of. ſome, .clteammg the Airdgueez's 
tween the.2 bodies, to confer, much'to the; blow, | yea, they 
will-have all curting- or cleaving to be. from.aix jacll 
ioche orgs, being violently impulled from the, widi 
fos they; Will hare. air. co be:malt ſharp; and goplequently 
RÞ41Q divide.. PROs- 
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4 Hard'to ineaſure percuſſion that is made” by a 
2 2 hiving power, tinee ir depends on force; and 
free and voluntary endeavour, and hath the proportion-of the 
body moving,-or ſ{mitcing, for although a yo—_ Hammer ef- 
feds a ſtronger blow/ in other' things of - the'like' narare, yet 
Tit be gy ye y-moved becauſe of irs heavineſs,” the'per- 
cuſſion which follows is the weaker : Wherefore tis" conve- 
-nient in'the firſt place, 'ro' reduce velotity to-a Certain mea- 
ſure. | 1 | 
Suppoſe then a Hammer AB, whoſe whole lengrh' is 6 feet, 
which is moved by a man ro ſmite. I ſay, 'if fir be moved & 
<qually with rhe fame velocicy' which he hath in himſelf in the 
inſtant of! percuſſion, -and” in the ſpace of one ſecond: minute, 
Jhall 'make 4. circulations, that is*144 feer, (allowing the 'Pe- 
Tiphery to be bur 3 times the'Diameter) : If the ſame Ham- 
'mer ſhould fall according ro the equality of the force of gra- 
ity,” and/accelaration'of heavy bodies, it would: not arriveto 
-accoinpliſh 14x feter in''5 ſecondiminutes, and it 'ſhould fall 
from an altitude of 425 feer. | | | 
'From 'Whence "tis concluded, thar the altitude 425 feer is 
'the meaſure of percuffion made by the man, or the Hammer 
has fo much velocity, while *cis ſtrongly ſmore,or impelFd, by 
'the man, ' as the hammer would have had, if ir had fallen ſingly 
froman altitude: of 425 feet. WE DIR GP 
2 I -haye been *wilkng to- examine the' calculation made by 
Mirſennus, *but- could never find ir anſwer experience, for we 
often uſe a Pendulum of 3 feer, one ſwinging, or ſtroke whereof 
is preciſely equal ro one ſecond of a minute; and we have 
found in a Semivibration, or in the: ſpace of half a ſecond, 
-Hictle more than! 4 fe=r, co be paſt over by a. body falling, viz. 
abour x feer- arid = ; bur according -ro the PR—_ ob- 
| erved 
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ſerved by Galileus, it ſhould be 17 feet in; one fecond, where- 
fore in the ſecond ſecond it will 'be 51 feer, 'in the third' fe- 
cond it will fall 85, in the fourth 119, in the fifth 153, 
which being ' all added togerher, make 425, therefore” the 
blow of the Hammer brock th the man, is equal, to; thar 
"AE made by the ſame hammer falling 425 feer ; in'this 
ſuppofition the ſpace which is paſt over by heavy things, de- 
ſcending,' is reckon'd to proceed according to the ſeries of odd 
numbers. ; 12 0i:B+ ii. ' 

But whatſoever the compariſon be of the Imperus, or force, 
produced from a-man-fmireing;and the Tperns produced by a 
weight falling ; *cig certain, that there, is no Impetus produced. 
from a man'sſmiceing, ro which there cahnot another be gi- 
ven equal to it froma body falling : But hithertoo the whole 
difficulcy remains;..viz,\ bow. we may.meature the acquired 


therefore a, hammer: weigh/x pou © GVng Aj at joe 
I force, 1s. equa}.ro tar 


which ir,wpuld; have if ic- Fall from, an altitude 


mO- 
| 90e 
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greater, which is abſurd, therefore, fince this determination 
epends6n' the thickneſs of the hammer, which. in this caſe 


| Others will have it, that a hammer of 100 pounds deſcerd- 
ing with one degree of velocity, will havethe ſame force as a 
hammer of x pound, deſcending with a velocity as 100, 
which I eafilygrant: But hitherto I think nothing 1s RIS 
GS IVR neuher 


$ 7 3 TN BY NI) I DAY, | \ , «3 
Ws "NEanck Papers, "Book VI. 
ee: o0y  bricgont ar, oct tif DIVORIL 3 v4 hg) oO DIV 
"neither "is there had ſuch. a mzalure as we, require, ro . wir, 
ſame, weight tg which percullion.is equal, or a weight which 
imoved.io the ſafe manneras a nail, alchough ir driveris.onc 


| *C4 tkonp9 21 nf 9010 ve DUM LSThrintS ff 5 OG 
is rablcadacts al pciealian.cathe Jill engeayour which 

the weight hath, but. knows, ngr whecher, the feſt - engeavoyr 
iven be indivitble and dererminate, wy lo in.this explcation 
ewraps himfelf in queſtions of continual-diviſion. *;,.-..... 


"X | -; T1 FLEET J- -4 | ; 1 ; 
* « % p | Þ & - 34 4.4 ' - - - A 
AO IP IOORIY x a lit. MB —t— FECE } LEY.” MN AY th. FY 4 ——_ 
, TY OTTHI SIT THULE 2193 ad Lhig phe hf SEVEEAL TV _ 44 ————_— 
Fr ; , » fy, « . . . . i 4 - bo , 
Tai! "4 . #14 + 4 64, *%* &. : 7 ey S_—_ , / 4 : Jr; i 
fe: 85M 5h, + k 2h 'O PO | _ r —trondin »*4 * 

* . 4 v ” PRI * % , [1 1 

” 7 #6 : $ % x : - ' ' G : F 

of g ? » ” J bt # , P \ P 4 4 ' . 

: . = © Y4 * i d ; 
, ifs "-_ : F 
a * - 3 — & © - * . « - ” 
- ; Z , K o L, » 2 
; Zh « a 4 » F L + 4a4 7 mY 

" P r in _ ff” *t{ . A, ' 
. 4 ww, % + 6s 2*7 S 2 - &1 "4 went? Fr. 7 y\ #1 5 R 
Sf 43: LEES 23.3213 t, fri i wI% 6 uy. $43 4 {6 e 

x 
mSnfa's 


AQUbpoia tanithier of i) pbund, and "lrir be bf any, igur 
ND lite" wh? bag Rrdel with "us Eoer 
man, Hath'theſatn*vetvcity,” as If ir had deſcended 42.5, teer, 
_ aus 10% ol Seed yer ty demanded what, weighe 
is percuffion is equal. ro : And "ris certain, rhat a ; weighs. of 
oi Bonk falting 42 5 feet; acquires a force to raiſe r 6% 
425 feet, which 1 ſhew in any Pendulum, wherein the weight 
aſcends ahnoſt che*fame as it deſcends. -Therefore, this per- 
-enfljon' ſeems fo'be inequilibrio with a weight of one pound, in 
movingchrough 425 feet : "But if you ask what weight being 
'move \*iHieey will be/in equilibrio with a weight of one 
en ved "425 feer,” multiply 425 by 12, it makes, 5109 

:ndh&S; it! 425 feet; 1 fay, if a weight of 5.190 pounds be placed 
of the" nail, the nail . wilt 'be forced in one inch ;. for one 
pound moved 5 roo inches, is in equilzbrio with 5100 pounds 
moved one. inch, wherefore the. percuſſion of the man ſeems 
to be <qual to 5.100 pounds, which was ro be ſhewn'; never- 
-thelels, there, a doubting. in this calculation, becauſe that 
the” rely of he weigh aſcending ,, always decreaſes, 
wherefore theſe chinigs'cannor be conſtirured, bur according to 

he doQrine delivered: of heavy. bodies falling. | 
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RIPE nates CEE 
PROPOS. VIL 
A Theorem. | 


The quantity being given of a ſtake, or hart, driven into 

any body by a determined werght, from a determined 

"height, to ap a weight which wall perform the ſame 
from any other berght. C) C) 5 


Fig. 90;-F- Et the weight Abe roo pounds falling from” ro 
feet high, and driving the nail B one inch, a 
weight is required, which fatling from 40 feet high, will per- 
form the ſame effe& ; I ſay, it requires a weightof 5o pounds. 
The Demonſtration. The 4s effe&t is produced, if the quantity 
of motion be the ſamein both caſes : But the quantiry of morion 
is the fame, for a heavy body falling from an alticude'qua- 
druple, or fourfold, hath double velocity of that which icchad : 
But 100 pound movable with one degree of velocity, -and 50 
as movable by 2 degrees of velocity, have the ſame parts of 
motion : Therefore they ſeem to have the ſame effect ; ne- 
vertheleſs, there remains a difficulty which is from the 
reflexion of bodies, which, belongs tp the vels city pt heavy 
things deſcending. . , ERR a fy > of IN; 
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4 PROP OS: MIL: 52 
« T 6 make divers kends of F", ompoundl Engans. | 


RE the fingle kind of Enginsbefore mentioned, rowit,' 
the ' Baflance, rhe Leaver, the Wheel, the. Pulley, the 
Wedge, the Screw, ere, may be , made' many other cont, 
pound Engins, ſome of which we wilt defcribe, that {6 Yor. 
only their great forces may appear, bur alfo rhat any one tay” 


SER Hb arch Powers, "Book Vi. 
perceive _a.rcady way of making Engins far apy. occaſion, and 
accommodate them co their uſe. 


Mechanick Powers. 
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Engin. L 


1 Bygin,. MI a op: ney raiſe his Wages, 
or Cart, although haded. ; it, . the Roof of an: 
"Hſe, yea, the whole C aſs ot Houſe, may; be 


_zaiſed..: 


A 2nd”C, and the other greater 
B ; the liule wheel A hath five teeth,-ard.. 
be __ wheel C the _ ue the wheel B hath 20 reeth, ; 


OE —_— 


fi. gi... d © low or other folid matter, make 3: «hee 
©g-.9 Of > Jeſſe ', 


with recth, defend on [the flow all-theicaſe of wood with: 
tron, in which the teeth are included, th on pes s Rat being... 
open, : {o-that.the \teethi at the whect Az. la the teeth 
of the wheel B, and the teeth- of the we 89 C, lay hold of. 
the reethyof the Priſme D-E : But the axis of the wheel /A 
tands out without the. fide of the caſe, -and. is. turn'd by the: 

handle G-FH, and with the handle the little wheeLA is turn'd, 
which, tyrns the wheel -B nÞ, ad the teeth of the wheel, 
Wi Tunnin info the teethof the Priſme D E, they. nibve. K up- 
A bolt laſt 'rooth Near E, he in the $2” SN 0 Fe 

whee 
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wheel C ; if now D on the top be made hollow, or E on the 
ſide of -che Caſe ſticking qur, be pur under the Waggon, or 
other weight, and the wheels being turn'd' the Prime af. 
cends, and going forth of the Caſe, forces the weight up- 
wards ; and if the wheels are turned the contrary way, the 
weight deſcends likewiſc. | | + 

if to this Engin you" add a leaver, one end whereof being 
pur under the hollowing+ D or E, andthe other end of the 
leaver lean, or ſtay on the Earth, and that part of the 
leaver, next: the- earth, be put under the Waggan, or other 
weight, and then rn the wheels, it will make a gompound 
Engin/much ſtronger, which you muſt nate carefully, tor in- 
ts many-Engins by addition of the like leaver are muck 
helpt. _ | 


oY WEE Y _ <——— & WT —_—_ 
w _— A” —_ TY 4 - — 4 


Engin. II. - 


To raiſe a vaſt wetght with an Engin compounded of a 
Pulley, Axis m Peritrochio , and a perpetual 
Screw. FTI 


Fig. 92 | Ake the Cylinder, C D, in the middle whereof 
Dciwer? £11 make 4. 0r-5 Spires of a;Screw, which while 
the handle -E F with.che Cylinder is trp'd abpur, the Spires 
infold themſelves with the teeth of . the wheel B, .and turn ir 
about: And while the wheel B is, turnd roun'd, the rope 
B G H, drawnabout the Pulleys G and H, is wound abour its 
Axis : By this means, we may with great eaſe raiſe any great 
weight by the power F. I have cauſed the like Engin ro be 
made, by whoſe means, I did move a Milſtone with fo little 
reſiſtance, that with a ſmall Silken Thred, faſtned ro the 
handle F, and pull'd by the hand, I have turn'd about the 
Screw, and taken it up, being the weight of 200 pounds, 
and not broke the thread. And if inſtead of the handk E F 
you. fit a wheel furnifht with little boards, this being rurn'd 
abom with the breath of the mouth, will raife che Mill-ftone. 


Q 2 Engi n 
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Engin. - TIE 


To take up a Milſtone with: an  Engene wrought by the 
: Smoak of a Lamp. 


Fig.. 93. His Engine is admirable to the Beholders, ro fee 

| _ tt raiſea weight of 150 pounds; it is alrogether 
like the precedent, bur that it hath a pair of toothed wheels 
behivecn the Screw A, and the Pulleys, the'firſt of them is im- 
mediately moved by the Screw, and the ſecond is moved. by 
the firſt, and about its Axis the Rope turns round ; and that 
the Smoak of the Lamp may ſupply the force of the moving 
power, the centre of the wheel B C is firmly pur into the Ax- 
15 D of the Screw, whoſe Teeth. running in each other, are- 
rurn'd round by the Teeth of the Wheels C and B, fixt to the 
Axis of the wheel F G, parallel-ro the Horizon ; this. wheel] 
3s ſo made of a thin Iron plate tinned-over, that rhe whole 
plane of the Horizontal wheel confiſting of. the thin' plate, is. 
cut through wich Channellings, and way for the Smoak to- 
paſs, in-ſuch manner, that while the Smoak of the fuppoſed: 
Lamp L, paſſes through by the, oblique openings of the plate, 
ir turns abour the wheet hung to rhe-Glaſſey.coyer H, upon 
the point of a'Needk, and fo poiſed,” that ic nay tarn round. 
eaſily ; and if one Lamp.dorh-not- ſuffice, z-0r 3, or more may be 
added : Alſo there,may be more wheels chan the foreſaid two, 
and more little wheels of Pulleys. My Engine which performs. 


* 


the foreſaid effeR, conſiſts, of eight Wheels and! Pulleys altd- 


* «4 pad 
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ol) 1417 To | | Engin: 
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Engin.. IV. 


By whoſe means a mighty weight ts continually raiſed,, 
although the Power be not contmually applied, but 
now and then a-little impulſe preſſes, zt on.by it its own: 
endeavour; = aries 


Fig. 94. XA Fþly an Iron, or Stone Globe ( or Ball?) of a grear 

Ns Sn enttids and werghr, to a ſpeatof I” 06 
Wood C D, and let the Globe be vibrared. together with the 
Spearabout the Po!es A and B; moreover ler there be ſome prerry 
Hittle arm E F L, fixt ſomewhere about the middleof the lit= 
tle Axis, or Pin K, but movable without any refiſtance; join to- 
this in F a crook F G turning cafily in F,''fet the en&E, of the: 
lictle Arm, be made like the point of a Sword, or Knife, (or 
Lictle rongue ) which may touch the Spear, being perpendicu- 
hr; then that parr of che Spear which couches the little-rongue,, 
muſt be made ſharp inthe fame form, and: extended fo, thar 
the little congues reſpect and. rouch each-other. 

Then the Globe being thruſt with force, or being elevated, 
and falling again by-its weight, mightily effeRts the Vibrations. 
by going and coning back, and each part of the Spear made- 
ſharp in E, hitting againſt the lictle rongue of the arm, | forces. 
the pin F G towards G, which by that means, ever andanon, 
lays hol on new Teeth of the Wheel 'H, and-rurns round.the- 
Wheel, which cannot be rurn'd back: again, being hindred by- 
the pin P, endeavouring the.contrary; Another little Wheel: 
_ being annext, to the Axis of ' the wheel H, rurns.the Wheel. I, 
pore whoſe Axis the Rope of the Pulleys L'M: being:turn'd, 
"takes np” the weight N, being faſtned'ro the loweſt Pulley ; 
wherefore, if after — ——— ſtands ſtill, and moves no, 
longer, it be again raed from the centre and ler down, us. 
vibrations will effe& in the fame' manner. as before for ſome 
time, raiſing the weight in the mean while, although-nopow- 
ebe applied, ſo that the weight ſeems ro aſcend of-it ſelf: 
x Note 
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 _ Note, 'That' you may add one or two wheels to the wheel 
I, that the weight may be taken up the caſter,” and Tefe=reftift 
xthe motion of the perpendicular; moreover in ſtead of the 
Pulleys, you may uſe a Leaver,- or a i perpetual Leaver, with 
Axis .in Peritrochio, &c. Thirdly, the longer the Spear is, and 

pra the Globe = the lotiger th —_—__ oh prPere 
 dicular endures. ;\Fowrdbly,,the. upper part of the little Arm E, 
doth [bs ue wth og Eds Dy bes weight, bur With 
ſo ſmall endeavour,  thar 'tis exfily* \moved by the: Spear ; the 

fame end being bur lirtle inclined, ſo that a ſmall parr'of the 
-lictle rongue be rouched by the edge of the Spear ; and fo alſo 
rantharge Hiqught to Fevblt of. (neal faw, teeth, .otherwile the 

force of rhe perpendicular; will be roo: much allaygd. ' Eftb/;, 
Tis better, that,only theupper part: C F of the Spear be lolid, 

and. the remaming'/part F.D be of alittle chain flexible. | 

.\: This Enginif ic. be ingeniouſly made, effetts yery well, and 

cauſes adgyration in thoſe that ſtand by : Beſides, if the pow- 
er be continually applied: to. the Spear, , or to. the. perpendicu- 
:lar br, wich. will meye: A. "og Som accord - fe Weight 
-may. -ve taken up with-very little labour ; and although the 
Globe D; be very. heavy, per:becaule irhangs freely; it icenfily 
-moved. ;. In--this icaſe there. is. no need to male uſe of the 
-little arm E F L, bur. "ris ſufficient that the Axis_ A B of the 
;perpendicular be. extended, to Q. and there . be firted with a. 
-licde iron heok, or. catch, which may lay hold on the teeth 
:bf-the-wheel-Q R; ; Orithe little arm FG. may be joyned to 
the$pear: C D-in-;E, and move the Pendulam with an pe 
mM 


.te-motion,-40 wity;from. Fi rowards. G: Bur this whee 
this caſe oughrro obrain-anocher ſite than before, to; wit, its. 
plane -ought to be-parallel ro the line of motion, which the 
 petpendicular maakes ; and. irs teeth ought..to; be rertain'd by 
.. thedike piv,-Jeſt-while 'tis,free. from the. Claſp, or Hook Q,, 
bit-perurs-10 the Oppoſice;part ;: likewiſe the, whole © aj ought 
- t&be! rigid, [or hard;;- Yea, 1-confidently., athrm, fo, thai: the. 
{pear which hatt-the-proportiqn-of .a leaver belong enolgh, 
a vaſt weight may. ealily be: taken! up by one-man, with _onlv 
the wheel QR, :therope:being: turn'd, aboyr the Axis.S of the 
- wheel, /alchough no! pulleys, be;added-;-for., the. leaver. hath 
great>force; alchough it -be: nor 'in,) uſe in, raking ,up, weights, 
3%. becaule they know not the way whereby its motion may - 
be continued ; but we have found the precedent which is al- 


rogether 
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| rogerher caſ ie, and'v others of the like nature May” be- inven- 


# ; 1867 ler he Kaver be AB c whoſe prop is 5n/ 'B an the 
' power in A; by w hing down,'or deprelling. this leaver, Its 
other end C hays' hold' on the teeth of the Wheel” D E, and: 
, moves it, the iron Pin G hindering it to go back; and-at the ſame 
"rite the rope: EF beitg turh'd about'the Axis of the ' wheel 
Xakes up the” weight''P; 'bur the prop- B ought'to be furpithe 
witty a ring above, m' which the Teaver miſt put; Heft ir-be - 
eaſily moved to and fro, _ only a little bent, that-it may 
be trdneferred from'gne- tooth to another below ir. - | 

' Some'things to be” 2 obſerved im the compoſition and uſe of 
Machines, or Engins. Th the compoſition and uſe of the Engins:. 
Jaftiefad, an = ortiers-6f 'theTike nature, tothe things occur 
which deſerve 4/pecurar obſctvarion. -* Tus Ny 
'"Firſty*'Tis2to' berrore ; chat Fnee'In every Fi I; MH Pare : 


bltahce of the faid| weip ;, and alo-- ought ro be more ſolid,” 
firtn, and firong :* Eximple,” In Axis in Perirrochio, or a -o———— ah 
wheel ard'a Rrew, y_— be convenient Toto fic _— 
"ther thatiche' wei 'be” fuftain'd k Mt 
ſerew, and: the'w os phe to: the movin >” Pow 
(crew ought ro 'be'of.more' ny matter; ied 
fince in- to2rhed wheels they cannot be 
fuſtain great weight.” - | 

This thing is: of"! moment! me MhenelticrsBs NEEY | 
ved diligerily'in vfe, 'Pſtrew; andaHfo pulleys are* m_ a be . 
applied' mW 10Y he; for dkho' Bello Lovin | 
to be” IeB firm-aiid ftbng' ts. fultain a'harden, þ Al the 
Axes'of the wheels catinotbe'rbade ſorhick ; notwittftanditig... 
each of them bears not'the whole weight, even 4s neither any. 
one rope that is drawn, bur'it is; in 2 matinet diſtBbured-to - 
every one, Tothatfrom'4U, one AS It Were makes therefiftance. : 
fe ro overcome the 
' "Secondly; "Tis th' be Bleriſeg: chat' wi Eigins tay may move R 
weight, 'or alſo take'it yp ro ſpite) height, | 
ftanding of ir felF-cannormoveit ro any further height; acer 
are the wedge and the teaver,, = rſt of them ſerving only. for . 
cleaving, bur the ſecond; if 'it! be iminediately' Fe Helthe i... 
weight, "tis/ manifeſt thar ir Can raiſe ir” bur, lice” Hei 
Wherefore as need. requires, itbehoves- 1s to-uſe divers Knds , 
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:of Engines ;- but. if toothed, wheels, .or ſcrews, | immediateſy 
ſuſtain a weight in the ſame manner that we have declared 
Ahoes inpegaires grennerfirens and will-move the weight to 
.2 greater height-; alſvif a weight be. immediarely-faſtned 16.2 
ſcrew, it cannot railc it ts a greater. height. than, the length 
of the; ſcrew : wherefore the ſcrew hath ;this conyeniency, 
that "cis. firm, and /fic, to. ſuſtain. a, great; weight, .but -capnor 
take ,up./a, weight very, high; Bur qn. the contrary «- the 
Pulley.,and,, Axis in, Peritrochio: Can raiſe any, weight 1 auy 
| bs dly, In any caſe which may, be propoſed, reſpe& muſt 
.be had to the power, together with, the weight: which ir 
.ought to: move,, that an Engin, be choſe which ſarisfies the. in- 
.tended-end, farif che power. ahoung. ; 'ri Lins to makiply, 
c m 


or augment the Engin, YEA, WIth't h tme-:,; For 


.as,mpch as; the more, the. Engin: is :compounded,: the: more 
tine ,is beftaw 3. in the morien of the, weight: On the, con- 
EY it.may._.-happen, that -ſuch, an Engin may be. choſe, 
OY; WH 


oſe. means the weight cannot be moved by the,,power 


f the w Gs 
power of it ſc 


her 


VDSTC, DOC). bo 
El OX the 


ca. great Heal. of 4rouble.,. Where- 
: Thewnſbetore (co. wit, the power 
lame propgrtien,, that the velocity of 


j y rubbing ; but the ſcrew hecauſe, gf irs many, ſpire 


xclilts much, and. < really: if, che: pires; be ner- very {mooth, 
and thei concave do not (exactly. anſwer each 
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its force, ſo! to the. leaver we may apply Axis in Peritrochio, 
likewiſe we may add the ſame to the Pulley. Laſtly, We in- 
creaſe :the force of the leaver, by adding the Screw : Alſo the 
head of the leaver may be elevated by the Wedge, yea, 'is 
oft-times uſeful to lay under the leaver a firm and ſolid bcdy, 
then between it and the head of the leaver, the Wedge is 
chruſt and drove in. 

Fig. 95. Pulleys are-not wont to be immediately applied to 
the leaver, for although the rope A D of the Pulleys may be 
faſtned to the leaver CE in D, and by depreſling the head of 
the leaver E may draw downward, notwithſtarding, becauſc 
this motion cannot be continued any further, therefore inſtead 
of the leaver, Axis in Peritrochio is wont to be uſed, which 
hath the proportion of the perpetual leaver, as is ſaid above, 
for the ſame reaſon the Screw is not added+o Pulleys ; tor 
although this may draw the rope a little more, yer the weight 
is thereby only bur little raiſed ; wherefore this artifice may 
be uſeful in caſe the weight were to be raiſed but lictle from 
the earth ; laſtly, the Wedge can in no wiſe help the Pulley 
being immediately applied. 

The leaver may beneficially be added to the Screw, yea, 
without the Leaver, the Screw 1s not wont to move, as is obſe:- 
ved before, it may alſo uſefully be added to Axis in Peritrochis. 
Alſo the Screw may be helpt by Pulleys, but they are ſeldom 
uſed, and the motion is but ſmall, as appears by conſideration. 
Bur no manner of force is acquired from the Wedge, 1ir.ce it 
is not applicable to it. | 

The Wedge only ſeems not to acquire force by means of 
other Engins, for 'tis not moved by the force of any Pulleys, 
or Cranes, as other Engins are, bur only by percullion : 
Wherefore that the Wedge may acquire greater force, it be- 
hoves to find a proportion, whereby a greater percuilion ap- 
pears ; and this alſo may better be done by other Engins, to 
wit, if ſome great Iron weight made in the faſhion of ſome 
Hammer, be lifted up by the Engin, and then falling by its 
weight on the Wedge, it forces it in; but eſpecially by 
the Leaver A B, whoſe Prop is C; if to the end A, Fig.g6. 
there be fitted a great Iron Hammer, or Beetle, which 
being elevared by the turning of the wheel G from F rowa1d; E, 
for it the wheel be fitted with Pins, while thele are born down, 
they hit againſt the end of on leaver B, and together with 

L:144l 
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that depreſſing, they take up the hammer A, which by its 
weight falling again drives the Wedge D: And the wheel 
G may be moved by a multiplied proportion, or by other 
wheels annext fo the fame, or by a capſtand, or any orher 
way : Commonly in Smiths Workſhops *tis moved by the 
force of warer falling on the littke boards of another greater 
wheel, fixt to the ſame Axis. 

Henceirt appears, by what artifice Engins are to be coupled, 
or join'd rogether, and whar is.to be obſerved in their com- 
binarion, of complication, according as there is need of grea- 
ter, or lefler motion, for the railing of heavier, or lighter 
weights. 
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Engin V. 


Pig. . 97- —_—_ Capſtands, or Windlaces, which obtains a- 

_ vertical ſite are of great uſe, becauſe that they 
may be moved only by Animals, or Catrel, which alone pro- 
perly and vigorouſly move with an Horizontal motion ; ne- 
verthelefs, it hath this inconveniency, that one weight being. 
raiſed up, the Engin ought to be turn'd about with a con- 
rrary:morion, ard fo much time will. be loſt, while the Horſe 
is firred for the oppoſite part ; therefore, ro fhun this incon- 
veniency, let the Engin he compoſed of two windlaces A B,. 
CD; to the Horizontal . one of them, faſten ropes with rwo 
Buckets (as for example) to draw water, or taife another- 
weight, ſo that while one Veſſel aſcerds full, the other may 
deſcend, you muſt fit ro the Axis of the fame windtace, two 
toothed wheels, or tympanes G and. H, beneath the toothed 
wheels, let_ there be another windlace C D, furnifhe with ano--. 
ther Tympane, or Horizonral wheel. G H, which fuppoſe to 
lay hold on the wheel G, white the weight E is raiſed, ard 
the empty veſlel F deſcends ; then the weight E being raiſed, 
move forward a little the rympanes, or wheels G and H, tro- 
wards B, thar the tympane, 'or wheel G, may furfake the 
teeth of the wheel, and theſe may be implanted ro the other- 
tympane, or wheel H, which may eaſily be. done ſeveral ways; 
tor to. the windlace A B will be turned on the oppotie part, 
Li ; ar. 
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and while the weight F aſcends, the veſſc] EF, being emptied 
in the mean time, will deſcend, and they will always afcerd 
and deſcend alternately, or by turns ; alſo if the power (ſuppoſe 
a horſe) be applied to the end I, of the leaver I L, it will 
turn about to the ſame part continually. 

Or the tympanes, or wheels G H, may eaſily be fitted, fo 
that always either may be ingrafted to the uppolite teeth of 
the ſame wheel C ; bur nevertheleſs, they muſt be made 
movable about the Axis A B, yet 1o, that by means of the Fin, 
or the ſmall leaver, N and M may eafily be joined with the 
Axis, or Windlace, as often as you pleaſe, for ſo by alternate 
force one tympane or wheel, which thall be firſt made firm in 
the Axis, by help of the leaver, reſiſting the moving wheels 
will move the windlace, and take up the weight, while the 
other free from the pin, witl obey the moving wheels in like 
manner, as if it were nor. 

Bur if you weuld apply men to the vertical capſiand, or 
windlace, ſince theſe are eaſily fitted to the contrary part, at- 
ter the weight is raiſed, yea, they may commodiouily turn 
about, leſt they ſhould be giddy with the motion always one 
way, you may fit a double veſſel ro draw water in the {ame 
manner, as appears in Fig. 98. 

Moreover a windlace in a vertical ſite, if it be fitted either 
of the foreſaid ways, it will much better perform the effect, 
than a wheel, or a crane, which many uſe nor without danger 
of their lives, for if a rope, as it ſometimes happens, ſhuuid 
break, thoſe which turn the wheel, from the great force pre- 
conceived, are thrown out of the wheel, which cannot hap- 
pen ina vertical windlace. 

This ſame windlace, or capſtand, Seamen uſe, to bring in 
great weights into their Ships, alſo to draw up their Anchors ; 
in which Engin this is to be noted, that becauſe the Cables arc 
ſo thick, that if they were many times wound abour the wind- 
lace, or cylinder A B, in Fig. 99. the Engin would de rendi ed 
uſeleſs ; therefore they only receive z or 4 Spires of the rope 
about the cylinder, ſo that while one end of it C, is turn'd 
abour the windlace, the other end D is thrown away ; and 
that the rope ſhould always conſiſt in the middle of the cj- 
linder, the cylinder muſt be made in the manner of a Cone, 
broad, or thick in the bottom, as you ſee in the figure ; ard 


by this means the rope will always be kept in the middle. 
| R 2 Engin. 
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Engin. VI. 


To remove a Mountain, or heap of earth, from one 
place to another eaſily and quickly. | 


Fig. 100. ET the Mountain, or-Hill, or heap of Stones be 
Lt A, tro.-be removed to the place B; to fave time- 
in going and returning from one place to the other, as alſo, 
that the motion-wheteby the Earth, or Stones, is' transferred: 
from A to.B may be ſwift, we may make uſe of the following. 
induſtry: EreC at the foot of the Mountain, or-in its middle, 
a great and (olid wooden column, or piece of timber CD,, 
and ere ſuch another in B, viz. EF, affix at top of each 
piece, or column, the wheels D and-F, and: make hollow each 
wheel in the circumference; and put about them a great ſtrong. 
rope, extended parallel to the Horizon :- Burt if the diſtance 
from A ro B be great, leaſt the rope ſhould: be roo much 
ſtretchtor bent, raiſe other ſuch like pieces, or columns in the- 
middle, with their wheels made hollow as aforeſaid , ro- 
- ſuſtain the rope /parallel co the Horizon ; on the rope thus. 
doubled, here and: there hang baskets, which muſt be fo far 
diſtant from each other, that they hinder not one another ; and: 
the ends of the pieces muſt be fo- placed; that the power ap- 
ied ro the kavers G. and. H, may be turn'd about their. 
; Gates; for ſo the whole Rope with the Basketrs hanging on 
it, will be curn'd about ſucceſſively : Wherefote,if men keep fil-. 
ling the baskets in A, and- others unlead. them- in B, the 
— whole hill will be caſily-transferred from A- ro B. + 
Where:Note, Fhat-the greater” the wheels-D and 'F are; the 
ſwifter the rope and baskets will-be ruened- abowx:: Which mo-. 
tion abour-the axis, or- piece of timber being-eaſfe, may be ac- 
__ by: means of ſhort leavers, that-ſs- the. motion of 
the- baskets may be greater' than; the motion of the power 
about the-piece of the timber. Beſides the ſaving of labour, 
and the gaining; of time,' which is effeRed by this Engin, it. 
- hath likewiſe this conveniency, that if bztween the two places. 
- & and B, there ſhould be-a river, ar ſtream, or ſeach like in- 


acccſlible,. 
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acceſſible, as if the Earth were tobe transferred from a Mound, 
or Hill, to the next adjoining Fields, and there were a large 
deep More, cr. Ditch, between them, you could ſcarcely. ob- 
rain your deſire any other Way.. 


FR 
ps 


Engin. VIL 


To.draw Water, or Miztral matters, out of deep Wells, 
or Pits. 


Fig. 101. £VEcrgee Agricola deſcribes five divers Engins, in- 
ba G vohred ani uſed to this end, in his 6th book: 
of Minerals ; tte firſt 3 whereof are, wrought by men, the 
other rwo are turn'd about by horſes, in all of them he uſes, 
2 double Bucket, or Basket, one of which being empty de- 
ſcends, while the other being full israifed up.; in theſe Engins,. 
if the Pits be deep there is ths inconveniency, that when the- 
double rope is of ſuch length, as the depth of the Well, it is. 
neceſſary that it be rurn'd about every where on the Axis of 
the wheel, and it will take up much ſpace on the Axis, and; 
require the Axis to be the longer ;. and by how much thicker 
the rope is, the Axis requires.to be the ſmaller ; whence it: 
will happen, if the Well be not broader than the whole ſpace. 
of the Axis, on Which the rope. winds about, the Buckets, or 
Basketrs, will hit agaivſt the fides of the Well, and retard. the. 
motion ; bur if you.makethe Axis thicker, there wilt be few- 
er Circumvolutions. of. the rope, and it will occupy. a lefler. 
t of the Axis, but then it will require a greater force. of, 
the Uyorng to raiſe the weight, or wheels much greater, ta, 
which the immediate power is applied ; moreover, that which, 
makes to the preſent thing, and is. of. greater moment, is, 
that the motion whereby the weights aſcend, is for the moſt. 
part very flow ; wheretore we will deſcribe this Engin, by 
whoſe help the weight.is raifed with a motion doubly. (wifter. 
than the motion of the power. For let. there be a wooden 
' Cylinder A B, creed perpendicularly, rurning eaſily on its. 
poles, 
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*poles, on whoſe head fit a little wheel A equipped with ſmall 
cylindrical ſtaves, being. a kind of cog wheel, bur in the 
middle let ir be fitted witha leaver, or a double one C C, to 
which the power is to be applied : And we will ſuppoſe the 
power any way applied in C, the circumvolution of this Cy- 
{inder-ro move crcularly throngh the- ciretmference of -1ix 
feet, ſo thar four turnings round finiſhes 24 feer ; and in the 
ſime time by means of the httle wheel A, the wheel D E too 
finiſhes a Circuit by only'one 'tura ; but the wheel F G is 
-rurned fix turns, or times, and then the Axis H I is moved 
quadriple--of the - vs G, to Wi, it \mgkes 24'turns,»Er 
circumvolutions : Wherefore, -if the Cylinder I H (on which 
the rope whereon the baskets are faſtned winds abour) be of 
ſuch a thickneſs, thar in its going round, or periphery, *is 
equal to » feet, the basket will aſcend q8 feet, viz. by a mo- 
tion doubly ſwifter than the morion of the power applied 
-in C. | 

Perhaps ſome may ſay, that ſo many multiplications , of 
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icribes 'by its motion be greater : The reaſon whereof may 
be rwofold, the firſt is, becauſe when in this circular motion, 
the power beivg applied to the radius, the radius hath the 
proportion of a perpetual leaver, and the leaver as is ſaid be- 
Ore, is Changed in cach point of the Citcle, alſo the mation 
of the line of direRion, (that is ro lay, according to which 
the power impreſſes the force to the leaver) ought continually 
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ro change, fi ce it ought always to be perpendicular to the 
leaver ;z and_'tis m?nifeſt, thar a power cannot exactly every 
moment change the dirc&ion of irs force, fo that any force 
ſhall be according to a tangent line. of its circle, for as much 
as force recovers by turhs, ſO Impetus impreſſes often times by 
rurns, that therefore the whole ns cannot be guided to 
divers: lines.; therefore ſince neceſlarily this imperteRtion of - 
Impetus, ſubliſts in every animated power (of which only we 
are here ſpeaking) then the motion will be the eafter, where 
the power ſuſtains leaſt of this imperfection: But this imper- 
fection is leſker, if the motion of the power, be circular, or 
the motion of the circle be greater; if ſo be in a greager 
circle, the defl=-xion from a perpendicular line, or tangent, be 
always-leſſcr, ſurely in going abour, we moye-more eaſily, by 
a.greater Circle, than by a, leſs, as appears manifeſtly jn the 
practice;of horſes going about, for as much as while they con- 
ttaually bend; and endeavour to make a new line of motion, 
they-are much tired. | 

| The ſecoad reafon is. becauſe as appears.in the faid Engin, 
Fig. tor. the motion of the parts of the; Engin decreaſes, even 
to the wheel F, which is again moved more ſwift by the 
wheels E and D,. ar alſo eftcgts. a; Iwifter, mation in the Axis. 
I H, and: in the weight bound to the rope : For from this 
decreaſe of ſwittneſs, even to a certain limit of the Engin, 
and again from a new increaſe, even to the end of the ſame 
Engin, and. to the weight it ſelf, ir comes to pals, that the 
power ſuffers the leſs reſiſtance: I fay, the ſucceſſive com- 
preiſion of the parts of the Engin, or the endeavour of the 
Impetus is propagated from , the power towards the, weight ; 
and fince the motion is more flow: about the middle a this 
Engin, than in its other parts, there, after a certain manner, 
is.the reſiſtance of the weight gathered. rogether, that there- 
fore the power -may ſutfer the leſs from this chiefly, becauſe 
the directian of | lmpetus from the power towards the weigh 
often-times coming. unlookt for from new Impetus's, neceſlarily 


Proſecures its Journey towardsthe weight, nor cannot refle& it 


towards the Power, 


Engin. 
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Fig. 101. Engin. VII. 


To apply a wheel 'to the precedent Engin, and to others 
f; the like kind, by means whereof the power is eaſed. 


TD Ecauſe the Engin laſt deſcribed, and all others of the like 
nature, for the moſt part require the power to be ſuff- 
-ciently ſtrong, 1n as much as ir ought to produce in the mo- 
vable, a {wifter motion than'the motion which moves it ; 
therefore no Induſtry muſt be ommitred, whereby the power 
may by ſome means or other be helpr, or lefs ryred. And 
that will beſt be done by adding a wheel of ſome heavy marter, 
.and alrogether ſolid rothe Engin, as if tothe Axis A B of the 
precedent Engin, there be faſtned an immovable wheel made 
of Stone, LL N, parallel to the Horizon : For although at firſt 
fight it ſeems rather be be an impediment, nevertheleſs, it ap- 
pears by experience to add much to the acceleration of the mo- 
tion, 'wirh leſs tyring of the power ; forif it be exattly in Equi- 
librio, ſo that the Axis paſs preciſely through the Centre of gra- 
vity of the Stone Wheel, ic, will refiſt its circular motion 
liccle or nothing, as from whar is ſaid may be eaſily gathered, 
and-as it clearly appears from what hath been ſaid of* circular 
morion ;* but from another original, whence once it hath con- 
ceived an Tmperus, it tetains it Jong in it ſelf, and the more, by 
how much the heavier it is, ſo that for ſome ſpace of time ir 
"will move other wheels and the weight, by only that Imperus 
conceivedat firſt, withour any new impreſſion from the Power ; 
whence it happens, that alchough the power ceaſe for a little 
'rime from imprelling a new Imperus, or at leaſt doth not ex- 
ert its force always uniformly, or producesan unequal Imperns ; 
nevertheleſs the Impetus conceived by thatwheel, ceaſes notto 
propigate further, and reduces that inequality, or deformity, 
to ſome kind of uniformity and equality, which how much 
*tisin the preſent affair may eaſily be colle&ted from what hath 

+ been ſaid before. 
Bur now obſerve, this kind of wheel may be fitted ro the 
Engin 
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Engin in divers parts, and ſundry ways ;. and firſt, as to thar 
which'pertains to divers parts ; 'tis manifeſt in the Engin now 
deſcribed, that itmay be applied either ro the Axis or Cylinder 
A B, or to the Axis E N of the ſecond wheel, or to the Axis 
F G (in which cafe it will have another ſire, or poſition, wiz. 
perpendicular to the Horizon, or vertical) or laſtly, it may be 
placed alſo to the Axis H I: Wherefore 'cis queſtionable whiat 
place 'ir ought ro! be fixr, to perform the beſt effeR. ' I ſay, 
then it will perform the beſt effe&, if ir be placed there were 
the greater force of Imperus is gathered together, to wit, in 
chat part of the Engin, which ought ro#nove moſt ſwift ; for 
ſince it better obtains irs end by concaiving a greater [peras, 
andiſince by reafon of more gravity, 'tis pale of more Impe- 
t«s,”tis plain that ir muſt be placed there, where the greateſt Im- 
petus is conceived : From hence it is that in the Engin deſcribed 
above, -'tis better placed inthe Axis IH, than in the Axis 
GF, becauſe rhar'is moved ſwifteſt : And better in the Axis 
GF, than in the/Axis A B, becauſe while the Axis G F, is 
rurn'd round fix times, the Axis A B is turned ovly 4 times ; 
Laſtly, tis berrer placed in the Axis AB, than in the [Axis 
E N, fince this'is turned floweſt of all. But when 'tis placed 
in Engins, whoſe parts the further they are from the power, 
are moved {lower and ſfower as ſome are, this wheel will be 
more conveniently placed to the firſt part of the Engin, to 
which the power is immediately applied. But contrariwiſe- 
in thoſe _ in which the motion is ſwifter, the more the. 
.partsare diſtant from the: Power, the wheel muſt be fitted 'ro 
hindmoſ parts, agreeing with-the more remote parts, from 
the POWer. w— | wy 
Alfo obſerve, 'whereſoever the forefaid wheel. is placed; it 
oughtto be the more heavy, by how much ſlower it ought ro 
move; bur if it be placed where it moves ſwiftly, a lefs-proe 
portion of weight will ſerve : For as much as it appears from ' 
the dofarine of circular mation, that the heavieſt wheels main- 
tain the umpreſt Ipetys longeſt, although they are moved 
il>wer than the wheels that are lighter, which lighter wheels, 
if an equal Impetus be impreſt they move ſwifter, but ſouner 
part with or looſe the Impetus. Ds OD TY | 
Moreover, I obſerve, and I propoſe it as a new invention . 
in this matter of great moment, that *tis ofſible by means of 
this 'wheel, to promote the celerity of the motion much in 
os. | S | _ the 
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the movable, or thing, moved, but. adds bur lictle. ro the 
wer. | 3 
by; . . 103- For let the Power, be-applied in H, which moves: 
the Axis AB; and by thatmeansthe (wheel B C, the wheel D,. 
and ar'laft-by. the help of . this,. the little. wheel E, with the- 
axis E I, to. which the rope. is faftned, and. turn'd abour, thar: 
rakes up the weight, or.for any. other uſe.: In this Engin you: 
ſeethe motion always accelerated. from the power towards the - 
weight, or the Extream part of, the.Engin E I : If therefore - 
there be ingrafted 'to the Axis E I,.a wheel: of an indifferent 
WHBRG burt-yet large as,.F, G;: this. from what hath, been faid- 
will notably promote TC lericy of the motion,; 10'that the 
ſame power may be effeCt;atw: Orion, | 
power with this wheel than, without it: Now therefore, ſince 
the Impetus.once. conceived, may eaſily. be continued'by this 
wheel, ſome. power .being added; immediately ro! it, which, 
either continually, or. at. leaſt now and then,. and; often will) 
rehew-that.: conceived Imperus: Example, a rivuler of: water 
_ falling from-on high, on the little boards, or rather bucker of 
rhis wheel; .it will come to. paſs, that how little ſoever. this. 
impulſe be,.. while 'tisin a manner continual, or: at leaſt often, 
norwirhſtanding being added:to the impulſe already conceiv- 
el from the great wheel to this. wheel, and ſo alſo rothe,moy-. 
able, it effe&s the Celerity. AE 3TH | | 
' Secondly, The forefaid: wheel” may be: placed; cither, .in a; 
perpendicular axis; ſo thatit may,obcain an. Horzomal ſite, as. 
is ſeen it the foregoing. Figure,.or ,in an Horizontal axis, fo 
char it ay obfain a vertical ſite ar perpendicular to the Hori-. 
Zang.as in the preſent; Figure :. And although .in order ro mo- 
tion, the facility ditfers littke, which way, of the two you: 
place ir; notwithſtanding, I eſteem it. more neceſlary to be- 
placed in” a vertical lite, becauſe, when 1n, this. Caſe;. the axis-. 
ro which” *ris applied [neceſſarily ought to. be Horizontal, the -- 
weight itſelf of the wheel lies on two Poles, ard ſo being di--. 
vided berween'cwo,. each Pole ſuffers lels compreſſion, and the: 
reſiſtarce is leſs which arifes from the weating, or rubbing of:- 
che ſame Poles: Bot. if it:be- placed on a perpendicular axis, 
the whole weight of the wheel lies: on. one Pole, wiz.-the 
lowelt,. itmay feem'ro.retard the motion of the. other wheels : . 
Nevertheleſs, becauſe that very often the motion . of the axis... 
is. wont ro by made*_in a perpendicular ſue, bearing on the 
middle- 


£ 


aſwifter. morion,uſing.only the ſame 
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middle part of the lower Pole, they ſharpen it ſo, that the 
whole weight is born on all part of the Cavity, thar, as 1 
*+have fad, rherefore; the I-may move the otherswith more 
- eaſe. | | 
Laſtly, The fame . wheel,. of which we are ſpeaking, may 
be uſeddoubly in a vertical ite : Firſt, ſo that it ſtand wholly 
hang'd. up.in the air, and equilibriated, as inthe preceeding 
Engin. ndly, So that ir, inſift or, ſtand on, the ſubje&ed 
;pavement; -and rurn'd about upon it ; in-which caſe it hath 
_ alſo. more force, | than. if it were, ſuſpended wholly in ſome 
axis : But the Pavement ought to be made level and plain, and 
ſolid, as of poliſhr marble, or ſuch kke matter, a the cir- 
.cumference of the wheel, which immediately touches the 
pavement, oughr to be exaly turned, that no impediment 
retard the motion. So the wheel A B being applied 
ro 'the extream part of the leaver 'C'D, ro which Fig. rog. 
leaver in like manner, apply a power moving the 
Cylinder, or Axis DE, and by this means, the wheel E, and 
- oftentimes other wheels,for while the Cylinder is turned about 
by the Leaver,: the Wheel A B, roles about 'its Leaver, lean- 
- Ing On rhe pavement, andfrom a double motion, to wit, one 
*abour its centre, or 'abour rhe Leaver C D, which' is inftead 
- of _an Axis, and 'the. other about the Cylinder DE, while ir 
runs out:from Bro F, &c. And in this manner, 'ir may be ap- 
-plied almoſt ro all Engins, but eſpecially, to thoſe with which 
-we uſe to move great weights. And the greater this Wheel 
is, the hetter ic performs the effe&, ſo thar the weight be in 
-propgtion tg thepower applied. nt. _— 
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Engin. IX. 


To. raiſe the Water of a Fountain always flowing, 
to any height, by a voluntary motion, although the 
height be greater than that to which the Water de- 
ſcends. | 


Fig. 105. MJPHis Invention, if you entertain the perpetual 
Ks T motion, eaſily ſecures to it ſelf the chiefeſt 
place :- For 'tis eafie ro draw. Water by, a voluntary motion, 
'TO A greater re. 8; than is that from whence the Water of the 
ſame fountain deſcends, as is. manifeſt in Spirital Engins, bur 
to- give it a continual motion, that it ſhall never require the 
band-of a man, this without doubt deferves great praiſe. 
This Engin-contains two , buckets, filling them from the 
fountain, of which- while one aſcends the other deſcends con- 
tinually, wichout any labour, and ſerves:the Water for Do- 
meſtick uſe; therefore to make the Water afcend;.to a ſpace 
doubly greater,than is the ſpace of theWater deſcending,it muſt 
de diſpoſed in this manner, as is- repreſented in the Scheme. 


4, Is a Veſfel, or lefſer Bucket which aſcend. th, this being 
full, weighs leſs than the Bucker M being full, which deſcends; 
but being empty that weighs more than this when empty ; 
Hence *tis, that while both are filled rogether from the vellcl 
S, the Bucket M defcends, ard by its weight draws the Buck- 
et A. up: But on the contrary, while both together are emp- 
tied, the Bucket A deſcends, and by its weight. draws tipthe 
Bucket M. 

B, Flaps ro keep the Water in, tyed with a ftring to the 
leaver D, this leaver D turning eafily about the Axis C croſs- 
wife, white the Bucket is raiſed up on high, hits againſt the 
piece of timber Z Z, and opens the flap B, and gives way for 
the Water to paſs through the little Pipe E into the Vellel X. 
The faid flap B being ſomewhat large, whereby the bucker 
nay be empricd the ſaoner ; make the bottom ſomewhat hol- 


dow, 
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tow, leſt the emptying of the Bucket any way hinder ; and a- 
noint it with greaſe, that the Water may keep inthe betree. 

E, A ſtick joined to the bucket a-croſs,ard made faſt ro:the 
kaverD, which we call an axis a little before, becauſe of its form. 

D, A Leaver with a lictle Wheel, or a Pulley 4, annext 
to irs top, the lower end of which leaver, is bound to the 
flap B, with a ſtring, for this end, that while che Bucket A, 
afcends towards the piece-Z, / and hits againſt the Leaver, che 
flap is opened and the Water gocs forth. | 

E, A little Pipe, or ſmall Tube, joined in the bortom'of 
the Bucket, fo thar'it anſwers beneath rhe- mouth of the hole 
of the flap, through it the Bucket is empried within the 
veTel. X, the Orifice, or Mouth, ard its cavity, are not lefs 
than the hole of the flap B:! -- : :: | fir 

F, Rings on both: ſides of : the Bucket, in: which are: ingra{ 
ted Iron threds, or chords G G. IDLE Ca ViD E145 Doibg 
6G, Iron threds, or- chords, / which muſt-; be firmly exrend- 
ed, leſt the Bucker'in going and coming hit againſt the fide, 
and eſpecially while the leaver 6 hits againſt the pieceZ. 

H, A round piece of Timber, ro which 'the'| faid” Iron 
Strings or Wyers are- faſtned,-which Threds:or Wyers-onghe 
to, deſcend "From, the piece Z, even to the piece H. 
ther perpendicular , and: ro' be. diſtant from reach ;other 
ſuch a ſpace, that they ſtrain nor the: Rings that-are -fixt 40 
the Buckets, or at leaſt but lightly, that fo the Bucket may 
aſcend and deſcend freely, and without violent wearing. - 

F, A Rope to which the Bucket A is faſtned;;. aver 
the lietle wheel, or pulley 'K, and; within-che; pulley: ard 
from thenee extending tothe faſtned-pulley:: K e, 1 ©i whole 
top it is faſtned. | 1 ot J-negs(9 

K, A Pulley joined to the piece Z, which muſt be large 
for many reaſons, and a hole in the middle; and let: there be 
2 ſmall Axis paſſing through/'the hole, which! will bear che 
weight of the Bucket and Water. vo of 

K e, A fixt Pulley, that is,- it doth not turp.aboue its- Axis, 
but is immovable, or rather a fourth-part of a Line its Semi- 
diameter ought to be equal ro the Semidiameter of the Pulley 
K, that therefore the motion of the Bucket M, may. remain 
uniform, that is, that it may remain always in the|ſame.per- 
pendicukr ; otherwiſe the Rope of the Bucket M, will xaze 
againſt che -Iron threds, or chords GG, and.fo the motion 

Z, Ano 
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L, Another' Pulley, which while .the' rope I:draws . on 
: both; ſides, cauſes:the aſcent of ., the Bucket A, to:be as. ſwift 
again as the' deſcent of the Bucket M,':and therefore that runs 
. doubleiche ſpace in the ſame time-as this;;, for which. cauſe the 
weight of the Bucket M full of Water, ought to be as much 
more as the weight of the Bucket A being full ; but on the 
: Contrary, the, Bucket A, although: it be leſſer than the Bucker 
-M, ought! to weigh 'more than it, they both. being empty, 
notwithſtanding : the exceſs ought to be; indifferent,. and fo 
-exat;'as will-ſuftce'thar the Bucket: A, being empty - in de- 
-ſcending, may draw-up the Bucket M being: empty. 
MM, A Vellel, or a great Bucket, -which by its deſcent 
draws up :anothe: leſſer A, it hath a flap, B, ard little pipe E 
-in the bottom, rings F F on the ſides,; Iron-threds or chords 
G:G;ias:theformer Bucket AJj:nevertheleſs, the leaver is; ap- 
- plied in a divers manner. 0.1.2 5010 30. hid no 
.-N-n, &/leaver;placed ayon: the;Bucket Ma-croſs,. to whoſe 
.cnd + ;there is annex adſtick: na, hanging or dangling, this, 
- whiledes:end.a,; deſcending with-a- bucket: rouches the Earth, 
raiſcs!the leaver Ni, -and qpens the flap B, 'of 'the bucket, M, 
at the fame rimein which/the flap B, of. the bucket, A. ;is 
opened... 23977] 2013 02 1572. ,,3 8299 £071 mort  bnz}sb 61 
2:0, Þweo ropes faltned: abovertathe buckert:M,. and, below 
40 tie piece: Y; -or to the Earth, rrotheend, :thar M ſhould: nar 
alcend - beyond (its due limits, nor A-,\deſcend .beyond his: 
I, 2,3; 4;&c.3:are- leaden : weights. t0;weaken the: , Imperas of 
-the-motionjini>the deſoent, : while they lye- ſucceilively one af- 
ves. another on the:carth; 'and:Jeſlen the-weight,of the bucket 
2z0:which they! are faltned;! bur in yaſcending, while they are 
. elevated from the earth one after another, they. adjoin new 
<xeight: to the''fame bucker:; and they; may be more or les, 
b- \apSisnettfliry. . MM Kod £5 bat 2 _— 
» !1P; Md piece laid arh wart-a 4ittle!/aboyerhe bucket M, ;hayin 
-2 hole in the middle, chrongh: whieh a:;frope ,patles 4 
,ichour rabbing; ur anhich che bucket is fattned-eyen. 0 the 
4knor Q , . which knor:when ar:comes to: the piece P,, ſtays the 
ynbrion bf the bucker. M,- and hinders ir, that-in,deſcending 
fr=idaſh'inor againft-the earth, norithe bucket. Ai aſcending 
Aiqagainſt che piece'Z Z.-. 83 nas at aces. rind 
2% y:The'/knor ſpoke of but.now, ' to; itmay: be tyed a,ftaff 
4porols, or overthywiart, - which may, cally beclagſt and chang: 
,cd as nced is. ++; Ry ANO-» 
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"Rr, Another kfiot with a'ffaf arbwart; which muſt be fo far 
diſtant from the former knor, as, is the ſpace of deſcent of the 
bucker' M almoſt to the earth ;. this knot may execute the of- 
fice of the ropes O 0," if the weights: 1, 2, 3; &c. be rot neceſ(- 
l: Ws : wo Hen. errricdt Hae i oy OG fo 7 
8 "fl vellit defighedto reecive'the W:rer from the:[Foun- 
rain; ir. hach a flap, and a little pipe"in the bottom, , as have the | 
buckets A and*M, neverthelcfts, the little pipe ought. ro Caſt 
out the water from each. ſide,. and ar the fame time almoſt, to - 
fl together; the bucket A, ard the bucker M5 and. becauſe 
cheſe hnckers are of divers capicities, thedzgid rwq' little pipes : 
ought ro caſt ourt.an unequal qpanury of water froty the velet 
S: This veſſelmuſt nor bein the” middle berween” the two buck. 


ets, bur behind after them. ; | 
*T, & leaver faſtned by a ſtring or rope, ro the flap of the 
Veficl $ro'open.it ; on thetop it,hath the rable F* adjoined, thar 
theſtaff V' may hir ſecurely ont; and raife the ledver.. | 
"ip, A ſtaff” fixed firmly to the, fide of the-bucker M, with a. 
Ritle wheel” or putley on the'top, 5 "this when its pulley raiſes 
rhe. leaver T;-and opens; the -fﬀapy of, the veſſeF.S,* while the- 
buckers are filling, the bnckey Mcdeſcepds, ard-with it the ſtaif 
V; and ſo the leaver T is leg down, ind'the flap of the vellel.: 
$, is ſhut: again, until the yellels ate empried below, andabave; . 
M returns back with irs arm 'V, and raiſes the leaver T. again, . 
and opens rhe flap of the veſſet 8, as before. ION 
-*X, A veſſelto receive the” waret of the bucket A: This. veſ-- 
ſel ought ro be fach a ſpace beneath” the, piece Z, that, while - 
the leaver D' hits: on the piece, the- little” pipe +E within the - 
veſk{ nnloads the warer of thebucket A. oO. 
Y, A pieceof timber, .a ſtump, or . a ſtone, to which the : 

ropes OO are faſtned. | | CEE: 
'Z, A piece of timber'to which the'pulleys K ard Ke are, 
affixt ; this piece of. timber bath the table 6 aiſuxt ro. ar right 
angles, 'on which hits the lictle wheel of the ItaveriD, and: 
draws near to the wall, ard draws the bucker A with it.to--- 
wards the wall, 'that the little pipe E may hang over the head. : 
of the veſſel X ; which.may alto be done otherwiſe. _ 

- This Engin which was made 'art Rome in the Convent of Sr. - 
Mariz de Vittoria, the lefler bucker did contain more than an 
whole Urn of Warer '(ar' Rome they fay un Barile)| but before. - 
whit they uftd ter buckees, 'the Engin wanted ſuccels.” 
M wy Nate - 
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" Note alſo, that the bucket. A. ought firſt to be emptied, and 
then the bucket M, otherwiſe the water as yet contain'd, by 
the more heavy weight, would deſcend with roo much force, 
bur you $a 0Nga that by making the little, pipe E of, a due 
magnitude. . 120 | £5 £ "oe 

« - mp of matter, and form,, and magnirude, that the 
My a before they, are opened, - nd way runs' out ; 1n the-fore- 
ſaid Roman Engin, a palm, or hands breadth was the length, 
and half a palm the breadth : The matter was Lead, both of 
the little tongue, and the table, in which the, hole. was, and 
was ſhurby the tongue : If they, are made of wood, they have 
rd Paod Jackels.. 5. | 

*The Pulley. L hath. as much diameter, as is the diſtarce be- 
tween the true Fulley K, and the fained one Ke. 

The yeighe 1, 2, 3,4, &c..,arc faſtned to the ropes. OO, 
for this end, to ſtop the Impetws of the deſcending bucket A; 
for beſides the Imperas. which always increaſes in heavy bodies 
deſcending, the Imperas Jikewile is too, much . acquired from 
his, that, when it comes to , the piece Z, the whole weight 
of the tape hangs on the other, part, of the Pulley K, and in- 
creaſcs. thi weight of the buckes M.; but when after the, cmp- 
rying of the buckets, ; the bucket, A being heavier than the 
bucker M, rogether with the. weight of - the rope, it begins co 
deſcend, anddraws with it the rope I, and therefote draws io 
it the weight of the Rape and rakes away thedame tipo the 

ckey A , Then how auch mare.1s, added..'to, ane,, ahd:1a- 
ket, from, *othcr,.fo much. che more the  Imperus Increates. of 
ut ye A ;. which Impeine is-weakned by. the forefaid; lea- 
= ummets,” while they are raiſed from, the earth ſuccel- 
We ' "RE ca | | 
' Alſo beware, Teſt the ropes are made wet by rain, or by w2- 

elyiſe they, will. be -coprraRted,; and not, retain their 


*% 8. obſeryed in. the foreſaid Engin... that the water 
ai cd: s high, again in, the bucktet A, as it deſcends inthe 
buckec M, by. re:f-n of the Pulley- M, which: doubles the 
rope :* But if, any one would have the, water rife four times as 
hizh, he muſt add another, Pulley, ard anotner, rope,;; in hke 
manter, by che help of thice Dalla he may make the water 
aſcend ko eight times the height, &c.. {0..chat-the, water con» 
min'din the bucker M, -be quadruple or oftuple, of that which 

| | 1s 
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is in the bucket. A, yea, and ſomewhat more, that the bucket 
being full, may out-weigh the bucket 'A, and may draw ir 
downwards ; although” the bucket A being empty, ought al- 
ways to be heavier than the bucker M in like manner being 
empty. 

Shares in his Technica curioſa deſcribes an Engin ſomewhar 
different.from this, which was made ar-a Noble Man's Houle ar 


Baſil with good ſuccels. 


Engin. X. 
To perform the ſame thing eafuly in any grven proportion 
of Height. 


Fig. 1<6.J Et there be a fountain of conſtant Water running 
| into the Veſſel A, or ar'leaſt ler it be derived thi- 
ther from ſome continual Fountain, and you 'would raiſe it to 
the Veſſel B, whoſe height above A is 2o feet, but from'A the 
water cannot deſcend deeper than to C, to wit, 10 feer beneath 
the Fountain A; nigh the Veſſel B diſpoſe the Axis DE in an 
Horizontal ſite, eaſily turning about the extream' poles ; dif. 
poſe ſuch another like Axis near the Fountain A, and annex to 
each of them the Tympane F, and the wheel G I; Tympanes 
of this kind are divided by Iron Rods, or Sticks, and of ſuch a 
largeneſs, that there may be put upon them conyeniently lit- 
tle Veſſels, joined rogether by a Chain annext ro one 'another in 
manner of a Ring ; it matters not whar faſhion the little Veſſels 
are. of, ſo that they receive. the Water eafily into- them, and 
empty the ſame out of them again, we have delineated rwo of 
them rogether in the figure LN; thofe which are pur abour 
the upper Tympane hang* on the ſame, and they extend 
or. reach' along to the water of the fountain A, and are dipr 
into it ſuccellively, and draw the fame while the Tympane is 
turn'd about ; but when they come to the top of the wheel, 
_ they unload the ſame water, ard pour it into the upper Veſle] 
B. But from the water of the ſame fountain A, the Vellels put 
about the lower Tympane muſt firſt be fill'd, which ought to 
have alictle hole open in the bottom, that the water may flow 
| | T ' from 
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Em the eb LY hd STE Fas from N, jnto 
another," > Ne: I one fide refills, 
tox,t nEN, x] Rh to th WEE 1C.W;z ger curn about theT) 1m 
pane, rogether with the an G l © F ike lower Axis, w ich 
wheel.,canning.; into The, ,Qther,.. moves..the BPpe” wheel ard 
curns, A, out; with the, Ty impany: of the, Axis D that the lit 
tle Ve ls draw the We rom the Fountain, , and raiſe it in- 
to the Veſſel B; but becauſe the water ought to be raiſed dou. 
ble che. height.in.B...chat. it deſcends in C, liens efore_the upper 
crown, or:ring of little Vellels, ought in like manner to be as. 
long again ( or doubly lunger ) and therefore thar-irt may. be. 
pe bor about, and raiſed:from the lower crown, or ring, being 
bur half ſo. big ( or doubly leſſer; ). choſe little Vellels ought. 
© be Teller, 'T6 THatthey ra iſe Upward in-the ſathe manner 1ſab.. 
duple, or halt the water, ye wFIcher leſs, becauſe of the reti- 
me of the Engin, . but the Tower httle Vellels receive double 
ater,,. bo hinans as-ſuffices ty move both-the Wheels, 
be lower, Tympape may conv eniently hang over the Well, 
Ky ! goed for. 4t, within Which the Crown or. Ring of 
Fi Jeb del when they come to C, the little Veſ- 
jus Aro, aded Tk wvely, lo thar.one ſide of the Crown's. 
ways; full, of W's and ks: the other ide, atid urns 
the Axis: Th r if the upper . Velle] B being filled with 
which Le upwards, it. again flows into the lower: 
LY A, and the lower parc. of the Engin is ſo acconimoda- 
ed; that-the pouring 0 our of the Water appears nor by meins, 
where, _ lower We is, moved, and the SpeCtators- 
whe 


pe inking thax. Waret only ro deſcend: 
Fd 5 Bag aſeFaged, har therefore” they may: chink: it, A- 
ua motion N., iT 
the. 4 tv r of: the Water of the lower: Ty pane! be doii-- 
bly, Bren th Ty weight of Water which alcends to the: 
e,. this Water may be. raifed to a donble Alt 

ude an Mere chiea crown of little. Veſſels do ublylonge 5 oi 

Ky e uſes, ;. and t thoſe hitle Velkls of the upper 1 JmPapg DEV 

Br pporconally, fer.1n the Tore manner,. v % if the Water be. 

[,de raiſes tri e.Or quadrupl e higher, the litle Velle of the.: 

upper. Tympane, ar, wheel, muſt be criple, or quadruple leſſer- 

4p, thoſe. of the under. or lower Tympane, .or wheel, fo that. 

hgh, = BP per Crown is. made amends by the magy- 
Nitate of the ll. ellels * of the 19wer Crown. 

Bur: 
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' "But the little Veſſels of both Crowns may be made equal, 
and nevertheleſs the Water may be” raiſed''to'dnj# Height; to 
wit, if the wheels' G I 'which' bite each other, be rhade''une- 
qual; for if the upper wheel harh its 'Diamerer'doobly igreater 
than' the under wheel, this will move that with'a Weight df 
water doubly lefs, and therefore a crown' of little Vellets 'Uou- 
'bly leſſer will be eqiifl co the lictle Veſſels of the'upper Crown; 
ay, the fame of "any" other: propottioh, 'rtiple;/ quadruple, 
&o. wherefore ametids may be made divers ways for the height, 
-and-plenty of water *afcending,” either by” means of a greater 
upper wheel, or by means of greatet lircle Veſſels of the lower 
'wheel, or Tympane;, of partly'by 'means of the great wheel, 
-and partly of the greater ſmall Vellels:* 1.8 2599007 LW 
> !Burif from all the”'Warer in rhe'Ciſtern A_continually flow- 
ing,” the greater part of it is to be raiſed in the upper Ciſtetn 
'B,* as if you were to faife three parts bf four' of thetwarer; and 
- bur one part only to deſcend; than' the ' lower Crown'muſt'be 
3 times as long as the iypper Crown, andthe Tittte" Veſſels *6f 
the' ſame mult be ar leal three times Iefſer; if both the” Axts"df 
'the wheels G and I be equal: "But if the "Wheels "GOT beunt. 
"qual, the proportioh tay be mide fir atiofter Wiy;' for fthe 
-FTower wheel be three times greater thin the'upperi wHed, the 
little veſſels of the Crowns-may be mide" tquak"but theilower 
Crown ought to be three times greater; for in this caſe, while 
the lower wheel is rurn'd about ont-once;-foppoti $ 
little veſſels to be fill'd, the upper Wheel is turn'd abour thrice, 
and therefore fifteen of its PE» water, and inlike man- 
ner 15 veſſels of water they pour into _ rec B. - 
Alſo both crowns, or chains, to ,whic ittle veſſels are 
faſtned, may be meine to Phe ſame upper 
wheel, but it! will-be_neceſlary to, fir ro'the wheel rwo wheels 
. with Axes, as is declared before :. But if the 'altirude to which 
the water.is to be raiſed, beſo;high chat it requires very.grear 
wheels, other wheels. may be difpoſed in the middle:berween 
each. wheel, which may be moved ſucceſſively by the: lower 
wheel, equally or unequally, according to the proportion- of 
the quantity of water, or. the magnitude of the little 'Vetiels ; 
» For this. will be very commoadious,: as it the water be ro-aſcend 
higher, we add to the Engin one, or mcre. wheels, if not-{o 
high, we take 2way the fne, making no'muration or ltera- 
tion of the Crowns, or Veſſels; moreover. the. veilels of burth 
C412 -2t NEE £3 FROWS EE '. CLOWNg 
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'crowns.may be always equal, and yer the ; water. may. aſcend 


ſhewn ſo many. ways, it-wmay ſuffice. 


_ —_— A—— —_— 


= A—_—; = _ _ —h— (III ran — om wanna: Bara 


Engia XT.. 


Rig. 107: A ' is.a-long jagged- wheel joined rogether with: 


a,wooden recepticle C.C; the wheel. D. is adjoined to the. 
| leaver. 
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Teaver B, which compriſes the, wheels E and F, and theſe the 
wheels G and H, and thefe the wheel 1. | 

The leaver 'of the wheel I 'reaches ro K, where it hath a 
ſtrong Iron Ring put abour it, which is faurnithe with holes 
through the Circuir, and' ſtands out rowards L, that it inay zc- 
ceive L Within it. | | 
* LQ is a Cylinder, whoſe end L is furniſh with a like 
Iron Ring bored through in the Circuit, only ''tis a little leffer 
or ftraiter than the ring K, that it may be thruſt within- ir, af- 
ter that the faid.end L is pur within the ring K, both the rings 
are firmly bound by Wedges and: Hooks of Iron driven in 
through each correſponding hole, that the-Cylinder L Q, to- 
gether with the leaver K, may be-rurn'd about: In M are 
Wedges, and: Hooks 'of. Tron,” which-are join'd ro the rwo faid 
iron rings.K and L, and made firm, that the axis K and the 
Cylinder L may be-/turn'd rogether, the rope that draws is 
folded about the Cylinder L Qi, which muſt be lengthned that 
it may paſs above the wheel or pully N.; to-the rope is hung. 
the weight O; of as many: hundred pounds: as you. pleaſe, or 
neceility requires; this. weight, while the rings' K and: L'are- 
firmly joihed; turns about the' wheel 1, and this the middke 
wheels H and G, thenE and F, and at laſt D and'B. : 

The weight O, how great ſoever it be, after that. *tis rurn'd: 
about with his rope, it may be: raiſediagain, or. by a man on-. 
ly, it may eafily be done: with the Engin called Pancratium'P.. 
which thar it may be done, *tis necetlary that the end Q©of. 
the Cylinder L Q be not round, but ſquate like the end of /a 
ſpir, which being curned. round; the little Enginsare rarn'd'4- 
bour, and *tis bored: chrouglr that ir may receive a Nail, ora. 
Wedge, but the: end of the Axis of the- loweſt wheel: of the- 
Pancratium Ought to have a ſquare-hole which agrees with the- 
ſaid end Q, that this may be pur into. that, ; and faſtned' with a- 
Nail, or. made firm with a wedg after that manner, that' a. 
Spit is thruſt into the hole of the tound.machine, or wheel, :thar 
earns the. Spit. | EOS ; 09 

Then. when the weight © is drawn' ro, I take away'the. 
wedges and hooks M, from the rings that- axe conjoined: r6 K. 
and L, that. L may. be freed from K, then I apply. the Panera-- 
zz4m tO: the-ſquare end Q, and*'turn about-the hangle ofithe: 
Pancratium, which when. done, the wheels. Il. H;, Gy &e..relt,. 
bat the weighc O is rated, and. the leading rope is turn'diabour: 
he C/linder L Q._ Aiter. 
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Afﬀer thatthe weight O is raiſed, Join, again-and make firm 
one within another the ;rings K:and L, but remove the Pan- 
cratiuns from Q, andthe weight by its deſcent will again turn 
the wheels 1, 'H, G, &c. : 

From whence it appears, that the chief Artifice is placed in 
this, that as great a weight as you pleaſe may be applied im- 
ſtead of a;power,, by means., whereof while it is moved very 
flowly, .it effefts a ſwift, motion .in_ the extream wheel of the 
Engin; and ,again,' by applying the Pancratinw P to the-Engin, 
whoſe Fabrick is declared above. | 

But becauſe perhaps it requires as much time to raiſe the 
weight O with the . Paxcratium, as is that wherein the ſame 
weight deſcends, and therefore great parr of che Engins time 
is loſt by this effet; therefore I adviſe -40 diſpoſe, another Axis 
T V upon the Axis .L'Q,..and in the. .mean;time while the 
weight O: deſcends, and thetEngin;performs its. effect, . the ſame 
Pancratiim being applied to-the/Axis.T.V, .may. raiſe another 
weight X, to be applied again preſently.to the Engin, as the 
Wweight-O - comes -t0 the bottom, to,be,taken up.again by the 
Aame Paneratjum, while the:wheels: are Send abour. by the 0- 
ther weight; for {o ;the-Engin, or, Machine, will neyer ceaſe 
from morion,: þefides that little time wherein .the rope bein 
{loofs'd trom! the weight,is.again turn:dabout the Axis L Q,and 
the faſtning7it to the ather , weight. now raiſed above ; yea, 
thaſe: iron-Rings and Wedges will, not ;require. to be_pled, if - 
1fo be/you can;uſe one continued. Cylinder only M,L Q. 0 
Which: the rope:may-eahly be wound about, finge. this , will be 
free from-the weight ; ; Qr,likewiſe ;a . double rope may. be 
uled,: gne:of-which- without ,weight ( or art. leaſt;:but a little,) 
- may-be-wounnd; about the Cylinder, . while the other is roled and 
.drawn-dawnward by.the weight. | | We 
; \This&ngin ffir be made after ghe foreſaid. manper, it will 
be indeed morectunplejand;.cafic,” and, ſerve; for. many other. u- 
ifs; (as for Example he Jower; wheel B will cafily, be, applied 
to a vertical wheel, which will likewiſe turn abgur. ſwitily a 
hand -mill;;' in tike-manner, there, may: be. added. to the Axis B 
3D; pins-t0:ctake-up RefHes, wherewith ;mineral; Veins may.hbe 
- paynded;}:or-/Gun;pawder, ;,&c. ; as..is declared. betore, allo 
othere maybe many; other-wheels ro: zurn abqut to wind filver 
\Fhred;, and other ſuch like, as will appear. to the Conkderate, 


Engin 
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Engin. XII. 


By whoſe means the water always aſcends to any given height, 
« ſuppoſing alſo it be but, a ſmall ſtream of water, ſo it te 
but conſtant. 445; | 


Fig. 103.Y Er there be a large Recepracle, or Cifſtern A'B, in- 
KL to which the warer conſtantly flows through : 
fome Channel, or Pipe C, below that ciſkern make rwo other. 
ciftefns G H, and X. Z, in rwo ſeveral places of ſufficient big-- 
nefs,. according to the proportional quantiey of water, which 
muſt:deſcend by turns. from the'cifterh A'B, inro thoſe rwo 
lower ciſterns, as will appear by and by,; and for that cauſethe. 
Tubes F G,muſt deſcend from the botrom of the ciſtern. A'B, in-- 
to the ciſtern G H, and Y X. into the ciftern”X 'Z, and theſe. 
cMterns muſt be furnifhe with..a cover, and thecover miſt come. 
cloſe to the ſide, for they ought, to, be every where cloſe and 
ſhur, bar the ciſtern A 'B muſt be open; thofe Tubes upon the - 
bottoin of the ciſtern A B, mattſt have flaps E and;D,:-'fo rhar 
ttcir.mqouths-may be friur or'6pen: The ciſtern :G H will yeed i 
another Tube in its lowex:part, furniſhe Bkewiſe with the flap, . 
and the ſame muſt be as-near as-may.be of the magnitude withi: 
the Tube F G and Y; X; the.ſfame muſt be performed'in the 0+ 
ther. ciſtert X: Z,which. in like manger mtiſt /have.the like Thhe.-. 
Z furniſh With a flap... OY : gt 
Through the cover .of the ciftern GH; a-ſmall hole being, 
thade,,'defCerids a:rod-of. mettal O M fitting'thehole, ro whote:: 
lower part the 'brafs veſſe'M is-foddred "61> being inverlled; to- 
Wit, ſo thar the open part bf the vellel; or bucker,'look'down-- 
wards, and'to the other 'end.of the rod'.O,, is faſtned the-arms 
'O'N, Which is-ſe poſited In'N, that it" rtray eaſily be-moveEyp-- 
'wards or downWatids ; -to'the ſame litrle.arm”O'N'is affixe;fuche: 
"another like rod, which deſcerids in the fame Loney wah 11 
"lower ciſtern, and ſiſtains the. weight L within' the. Ciſtern ;*61<- 
'pally,' that little armis furniſhe-with. alittle wing: a, hindering: 
'itsComiig; upwards, and. *tis intercepted: with a:double ftatt;. 
'or ſpear, or. between-the'notch' PN, 'tis imertupred? bys-the- 
little. arm '& a thwart; this kitidfof. fratf; or-notchy on its:up-- 
fo Perc 


144 Mechanick Powers. Book VIL 


per part P, is faſtned to another ſtaff or leaver P Q V, and to 
the ſame-leaver in. Q . is knit Or faſtned another rod I Q R, by 
whoſe means the flap [ 1s opened and fhur: Furrchermore theleg- 
ver R S T is moveable about the centre, by help whereof while 
the flap D is lifted up or opened, the other flap E is depreſt 
a :d ſhut, and vice ver/a. s 
Thele things being thus diſpoſed, that ſome derermined part 
of the warer which deſcends into the Cifterns G H and X Z, 
may aſcend again to any given height, (as for example) into 
the upper Ciſterrs A and B; above the ciſtern G H make ano- 
ther vellel,or ciſtern C E, yet ſo, that it may be ſomewhat low- 
er than the ſuperficies of the water that is in the ciſtern A B, and 
ler ir be cloſe ſhut every where that no air enter in. Through 
its bottom,and through the cover of the ciſtern G H, let the 
Tabe C H deſcend reaching almoſt to the bottom of the ciſtern 
G H, and almoſt touching the cover of the ciſtern CE. Then 
from ihe ſame veſſel C E,muſt aſcend two other Tubes into ano- 
ther velk1 like that before, ro wit,the Tube E F, which almoſt 
rouches the bottom of the veſlel C E, and the cover of the up- 
per veſſel D G; and the Tube CD, which aſcends from the 
cover C of the lower veſſel, almoſt to. the cover of the upper 
vellelin D ; altogether in the, ſame manner, two other Tubes 
GA, DH, wt aſcend from the ' veflel D G, into the veſſel 
H A, Laſtly, in the uppermoſt veſſel A H, which much be 0- 
pen without a cover, fit a Scyphon A P, through which the wa- 
ter is derived,or conveyed, into the ciſtern PQ deſigned for uſe. 
_. Above the ciſtern, X Z, in the ſame order muſt. be placed fo 
many, and alrogether the ſame veſſcls furniſhr ' with the ſame 
Tubes... yr Yr 
* Then from the ciſtern A B, by openingthe flap E F, the wa- 
ter flowing into: the lower ciſternG H being clofe ſhur, *ris com- 
pell'd by che compreſt Air to aſcend through the Tube A C, into 
the upper vellel C E,, the Air being excluded in the mean while 
from.it by che Tube CD. , But-in the ſametime in. which the 
'velle] CE, is fill'd with the Tube A C,irs bre adth being*leſs than 
- the breadth of the Tube F G, the water. always fills the ciſtern 
G H, and forces the inverſs bucket M to afcend, untilar length 
by means of the leaver,or arm O N, hitting againſt the lictle arm 
'b, raiſes the ſtalf Þ N, and the ſame work interpoſing Þ Q V, 
opens the flap I, and: ſhuts the flap Z, and likewiſe bs means 
_&f another leaver R T'S, the flap E is ſhut, and the flap D o- 
| EO | pened, 
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ned. Then from henceforth preſently the water from the 
ciſtern A B,-begins to flow into the other ciſtern X Z, and from 
thence aſcends and fills' the upper veſlel L, and” at the ſame 
time by opening the flap I, the receptacle G H is emptied of 
all the water, and therefore the inverſe bucket M deſcends i- 
gain, and the weight L in the middle, and the wing @ draws 
down again the ſtaff Þ N, and ſhuts the flap I, and opens the 
flap Z.; and likewiſe ſhuts the flap D, and opens theflap E,thar 
the water may again flow into the receptacle G H ; then by 
condenſation, or preſling of ghe Air interpoſing, the water 
which now ſhould aſcend into the veſſel C E, is forced to raiſe 
higher into the veſſel D G, which being filled, they preſently 
change turns, and the flaps Z and E are ſhut, and I and D are 
opened, and ſo the water aſcends from the veffel L into the 
veſſel M; this in like manner being filld, the flux of water is 
changed, and the water aſcends from the vellel D G, into the 
uppermoſt veſſel A H, afterwards from the veſſel M, into the 
vellel B, -while in the ſame time the veſſel A H is emptied” by 
the Scyphon, the water flowing inta the common receptacle 
P; then again the veſſel CE. is fill'd, and after that the veſſel 
L, and in the ſame order alternately new water aſcends from 
one veflel to another, as often as the flaps change turns, being 
ſometimes open and ſometimes ſhut. 5" 
Where *tis manifeſt, if the veſſels be increaſed one above ano- 
ther, the water will be forced to any height although bur ſlow- 
ly ; and the foreſaid veſſels ought to be 1o far diſtant from one 
another, that the height of one above the other, doth not ex- 
cecd the height of the receptacle, or ciſtern A B,above the ci- 
ſterns G H, Z X, or the perpendicular altitude of the fall of 
the water which we conclude to be conſtant. Moreover the 
Tube CD ought to be fitted with a flap, or thin board in C, 
ſo that when the veſk] CE is filled with water, the flap or 
board may ſhut it,thar the air break not out through the Tube 
into the veilcl above, for 1o this air being compreit, forces the 
water from the veſſel C E to aſcendinto D G; I tay, the ſame of 
the Tubes C D and D H, ec. alfo this artikce may be other- 
wiſe diſpofed, as ſhall ſeem meet to the induſtrious Artificer. 
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| PROPOS. TL. 
Of mix Motion from Circular and Right, or from two 


or more Circular. 


Hile a Wheel is moved upon a plane ſuperficies, I fay, the 
wW ſame of a Globe, or balk the central- point only of the: 
Wheel,or Globe,is moved with. right motion,all the other points, 
or parts of the moved Wheel,or Globe, axe moved with a mixt 
motion of circular and right. 

This. motion, of rotation on-a plane hath admirable properties 
throughour, which being rightly percieved, it will be eaſy ro. 
underitand. the other mixt motions: Wherefore we make a 
beginning from it ; bur yer we firſt adviſe that cireular motion 
truly and Phyſically conſiſts of many right lines, nevertheleſs 
in this place we will conſider ic even as if it were altogether 
{imple motion, bur where #t will be needful to conſider thoſe 
{mall parts of right motion of which ciicular motion is com- 
pounded, there we will make particular mention. 

. Fig. 109. Let then the Wheel, or orb, be AZL Q;, infſling 
on the Plane AD on which it is to be roled, or turned, ard let. 
the right line A D be equalco the arch A Q. fo that while the 
Wheel is. moved towards D, the point Q may touch in the 
point D: Inthiz motion *tis manifcſt, Firſt, that the Centre of the 
WheeLQ is moved by the right line OE, for ſince the Wheel 


always 
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always touches the plane in ſome point, and the Centre O is 
always equally diſtant from the points of the Periphery, which 
ſucceſſively rouch the plane, the Centre O will always be in the 
line OE, and when Q is come to D, the Centre O will be in 
C, and the Centre O always inſiſts perpendicularly on the 
point of ContaR. 

Secondly, *tis nanifeſt that any other point is moved with a 
mixt motion; for if, for example, we take the point L, over 
and above the motion of the centre *ris moved towards Y, ſo 
that if the Wheel ſhould not be rurn'd about the Centre O, bur 
only moved upon the plane, always touching the Plane A D 
in the point A ( which is to move only by the motion of the 
Centre ) the point L will be moved by the righrt line LY, and 
while A is in D, E will bein Y, O will bein C, and ſo any 
other point of the Wheel will be moved by a right line parallel 
between the extreams A D, LY. In like manner, the point 
L,. or any other, will be moved only by a circular morion, if 
the Centre of the Wheel O be altogether immovable, to wit, 
L will be moved by thearch LK e, &«c. A, by the arch A T, 
&c. alſo the point N will be moved by another arch of a leſſer 
Circle, &c. Since therefore the Wheel is moved together by the 
motion of the Centre towards E, and by the motion the 
Orb from Lin Q. and fromQin A, &c. the point L will be 
moved with a mixt motion from both, to wit, of the Centre, 
and of the orb, that is, of right and Circular ; which may be 
ſaid of any other point, the Centre excepted. 


P__ 


- — 


PROPOS. 


Any point, except the Centre of the foreſaid Wheel, or globe, 
deſcribes a crooked line, which 1s not circular. 


Fig. 109. | ene example, take the point L, and that you may 

get the line which it deſcribes, divide the arch 
of the quadrant L Q in as many equal parts as you pleaſe, ſup- 
poſe three, L K, KA, H Q; allo divide the line of the plane 
AD into ſo many equal parts, to wit, three, then che point 
L having paſt over the firſt parr of the arch LK, if it were 


moved only by the motion w the orb, it will be in K; bur- 
| 2 it 
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if it were moved only by the motion of the centre it would be 
in V, therefore let the right line MI be parallel to LY, and 
ler K-I be equal ro L/'K, or A B, without doubt the point L 
will bein-I; For the motion of the orb gives. L K, or M K, 
but the motion of rhe Centre gives LV, or KI. In like man- 
ner, in paſſing overthe arch K H, the ſame point L will be in 
G, if you take H G equal toAC, or LV, and parallel ro LY; 
For the motion of the orb gives LH, or N H, and the motion 
of the centre gives A C, or L V, which is equal to HG. Laſtly, 
in paſſing over the arch H Q, the point-L will be inE, to wit, if 
Q E be taken equal to A D, or LY, for the motion of the orb: 
gives LQ, orOQ, andthe motion of the Centre gives A D,orLY. 

Secondly, take the point A, and that you may have the line 
which it deſcribes, divide in like manner the arch of the qua- 
drant A Z into 3, equal parts, to wit, in T and Y, then in 
paſſing over the arch A T, if the point A be moved only by 
the motion of the orbit will. be in T ; but if. it be moved only 
by the motion of the Centre it will be in B, therefore if you: 
take T'S equal to. AB, the point A will be in S. In like man- 
ner, in pafling over the arch TY, if the point A ſhould be: 
moved only by the motion of the orb, it would be in Y; bur 
if it ſhould be moved only by the motion of the Centre, ir 
would be in C, wherefore if you. take Y R equal to AC, it 
will be in RK. Laſtly, in paſling over the arch Y Z, it will be- 
ih, P, if, ſo be you-rake Z P equal to A D. 

From hence it appears, that thoſe are Cxrve, or Crooked 
lines, and yer not circular; wherefore ſome call them by 
'c oper word, Jhirling-lines; you - may calb them as you 
pleaſe. 

Alſo by this you ſee that the point L,. which is oppoſed to- 
the point of Conta&t A, is ſo moved, that the motion of the 
orb, being added to the moricn of the Centre, for each motion 
iS in the antecedent, but nevertheleſs the point of contatt A, 
is ſo moved that the motion of the orb is taken away from the: 
motion of the: Centre ; for the motian of the. Centre is in the 
antecedent, bur the motion of the orb is in the Conſequent, 
notwithſtanding becauſe the motion of the Centre, is greater 
than the motion of the orb; ir follows, that the point A 
Sunply and ablulutely will be moycd in the antecedent, to wit, 
towarcs D, neither will it wholly go beck ; to wit, it will be. 
moyed towards D, only ſo. much as is the. difference X $S, be- 

LWeen: 
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tween the motion of the orb AT. or K T, and the motion of 
the Centre A B orST. 

Alſo rake notice that the point L deicending in the arch L Q. 
will be ſo moved that the motion. of the orb adds ro the mo- 
tion of the Centre, the right, fines. of the arches it palles cver. 


So the mation. of the orb ['K, adds the, right fine M K, to the 


motion of the Centre K I or:L.Y ; and the motion of the orb 
L H adds the right fine N H, to the motion of the Cenire H G. 
or L V, &c. Bur nevertheleſs the point A oppotte to the point 
L, to wit, the point of Contatt with the plane is ſo moved in 
the arch A Z, that the motion of the orb takes away the right 
fines of the motion. of the Centre , ſo: the motion of the orb. 
AT, takes away the fine T X from the motion of the: Centre 
TS or AB, to which T'S is equal. Bur now the pointZ is ſo: 
moved through the arch ZLin afcending, that the motion of the 
01 b adds the- verſed. fines to the motion of the Centre; thus the 
motion of the orb of the arch Z 4, : adds the verſed fine Ze, to- 
the motion of the Centre D. F, wherefore if you rake D f equal 
to. AB, the point Z in ;paſſing over the arch Z 4 will be in f, 
likewiſe in paſſing over the arch Zh, ir will be in g, for the 
mation. of the orb adds the. verſed fine Z m, to the motion-of 
the Centre A C, equal to which þ g being taken, and in.run- 
ning through-in the arch Z L, will be 1n Y,tor the motion of the 
orb adds the verſed fine HO to the motion of the Centre L Y ; 
moreover the oppoſite point Q ſo deſcends through.the arch 
QA, that the motion of the orb. takes away'the verſed fines 
from the motion of the Centre; ſo in paſling over the arch Q-, 
»; the verſed fine Qt:, is taken away: from »r, which. is pur 
equal to the motion of the Centre A B, and fo the point Q will 
be in.r ; but in pailing over in the arch Q p, the point. Q will 
be in B, to wit, p 6 being. taken equal ro the motion of the 
Centre A C, for it takes away the verſed fine QI; Laſtly, in 


paſſing over the arch QA it will.be in D, and fo the verſed 


V; Q O will be taken away from the motion of the centre 
AD. 
Hence you eafily ſee the deſcription of lines, which each point. 
of. a circle runs over being roled, or turned, on a plane. Alfo 
you ſee ihe line which the point L deſcribes in deſcending, that 
is,to anſwer the line LIGE, and is equal to the line Zr gY, de- 
{cribed from the point Zin aſcending ;, and the line A:S.R Þ de- 
{cribed from the poiat A, anſwers, and is equal tothe.line Q'r 4D. 
| a, deſcribed. 
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deſcribed from the point Q, that aſcending, but this' deſcend- ' 
ing. 

Tnbe alſo it is that the points L and Z are moved moſt 
ſwift, but the points A and Q moſt ſlow; and the point L is 
moved Swifteft of all in the beginning, afterwaras more ſlowly : 
But the point Z by inverſe proportion is moved ſlowly in the 
beginning, and ſucceſhvely more ſwift. In like manner the 
p>int A is moved ſloweſt of all in the begining, afterwards 
tlucceſſively more ſwift, but the point Q by inverſe proportion 
is moved more {wift in the beginning, and in the end moſt 
ſlow. Wherefore all the points indeed are moved with un- 
equal motion, while they run” over the quadrant; bur 
the whole quadrant being compleated, the motion of the poinr 
L, and of the point Z come to be equal, fo alſo the motion of 
the point A and of the point QC 

Moreover you ſee the Centre O to be moved ſwifter in the 
beginning than the point of Contatt A, butin the end more 
ſlow, and the ſpace which the point O diſpatches from O in C, 
is greater than the ſpace which the point A diſpatches from 


A 1inP. 


Alfo you ſee that no point is moved with an equal motion, 
except the Centre, bur by an accelerated or a retarded mation ; 
ſo that from rwo oppoſite points one is moved with an accelerate, 
motion, as the point A, bur the other with a retarded motion, 
as the point L. | 

Art lengrh if you rake the point B 45 degrees, that is, which 
diſpatches the greateſt ſpace of all, for the motion of the Cen- 
rre OS equal to A D,is added to the motion of the orb from B 
1n . 

Fig. 110. Thirdly rake a point within the Circumference, 
ſuppofe the point F: And that you may find the line which it 
deſcribes, make the Circle F 4,. G 9, and divide the quadrant 
F 4 into 3 equal parts marked in the points 2, 3, Then while 
the motion of the orb comes to 2, the morion of the centre 
AB or 2, 5 is added to the fine 2, r of the arch F 2: In 
like manner while the motion of the orb comes to 3, the mo- 
tion of the centre A C, or 3, 6, is added to the right fine H 3. 
-Laſfiy while the morion of rhe orb difpatches the quadrant F 4 
| and comes to , the morion of the Centre Q 7, is added to 

Tight ſme" Q ©, and deſcribes the line F 5, 6, 7: In like 

ner,by what hath-been faid, you may cafily find the _— 

PEBE 7 þ es 
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lines which the other points of the ſame lefler circle contaiu.'\/ 
within the greater deſcribe. So the point 4 deſcribes the line 

M N P, while the verfed line-4 R: is taken from the motion 
of the Centre AB or L M; and the ſme 4, 5, from the mo- 
tion of the Centre A C or T N;; and laſtly the verſcd fine 4 O 
from the motion of the Centre A D or GP. , 


— 
—_ A— 
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PROPOS. IM. 


A leſſer Wheel included in a greater is ſo moved, that in it 
the motion of the Centre is greater than the motion of the 
Orb. 


| 2 while the motion of the Orb is made through the whole 
quadrant F 4, the motion of the Centre is made through 
the whole right five O V, which Certainly is greater than the 
arch of the quadrant F. 4.: In like manner the morion of the 
orb through the quadrant 4, G,is leſs than the ſame motion of 
the Centre O V ; Burt how each point of the quadrant 4 G an- 
fwers each point of the plane G P, upon which the quadrant 
of the leſſer wheel is underſtood ro move, when the plane is 
greater than the quadrant,. is that famous difficulty which ob- 
rains the name of Ariſtotle's Wheel, becauſe Ariſtotle hath pro- 
poſed it in his 247h. queſtion of Mechanicks, which Blancanus hath 
explicared, and Merſennus, Galileus, Cabens, Fabrus, and others 


have expoſed to view. 


ut 
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| P R-QO- P-O-S. IV. 


The difficulty of Ariſtotle's Wheel,hat is, the motion of the 
leffer Wheel when this is direled by the motion 5 the 
greater,and the motion of the greater ; when this is direct» 
ed by the leſſer, is beſt ſolved and unfolded from the na» 
ture of this Circular motion, ſo far as Phyſically” tis com» 
pounded of many right lines. 


F Et the Wheel be A CH inſiſting on the plane CE, whoſe: 
4.4 radius is A C, and within this another leſſer, fuppoſe it. 
ſubduple, A D B is included, whole radius is A B; and let the 

plane. 
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plane CE be equal to the arch of the quadrant CH, fo that 
while ir is turned upon the plane CE, each point of the arch 
anſwers each point-of the plane ; When therefore: the Jeſfer 
Wheel in this motion is carried away by:force by the greater, 
ſurely the point D will come to'F, when the point A will come 
to G, thar is, the radius A D will meet with G F. | 
Therefore the whole difficulty will depend on this flue, thar 
BF will be double the arch BD, if ſo be the points of the 
arch B D ought ſucceſlively to correſpond with the points of 
theplane,or of the line BF,or each point of the arch-B D anſwers 
each point of BF, oreach pointof BC anſwers two of B F, or 
the altern points BF by skips remain wholy untouchr; for neither 
doth any thing elſe ſeem toremain which can be ſaid.in truth none 
of theſe.ought tobe ſaid: For.if it be ſaid in the firſt place, ther 
there is ſo many points in the arch B D,as there are in the line BF, 
which cannot be faid,fince this is doubly greater than the arch: 
Bur if it be ſaid ſecondly, that each point of the arch B D cor. 
reſponds to two points of the line B F, it follows that the plane 
CE, is double the arch CH, when notwithſtanding they are 
Tuppoſed equal; for when the points, B C, are in the ſame 
Tadius A C, if the poine C touch the poirt of the. plane nexr 
following towards E, it will not. be perpendicular.ro the plane 
CE. Surely A B when it couches the point of the plane B F 
in B, and is perpendicular to the plane, alſo A C which is ſup- 
pofed a right line will be perpendicular ro the plane C E, which 
1s parallel ro the plane” BP: Therefore it roucheth not the 
' plane in any other point than in C,which if ict ſhould reuch it 
woutd-be-alſo in the-orher-nexr-following point ; therefore 
every point of the.arch CH, touches. two points of the plane 
CE, therefore the 'plane'C E will be double the arch CH. 
Moreoyer it cannot be ſaid. thar the alrern:points; or every q- 
ther. point of the plane B F, are toucht as it were by leaps, and 
not the other intermediate points, for ar the ſame time in which 
Tome poinr- of the plane CE is touchr anfwering the uncouchr 
Poinr of the plane BF; fome point of the arch B D withour doubr 
touches the plane B F, rherefore i touches the point of the plane 
B F,which corrc{ponds to the paint touchr by the greater Wheel 
in the plane C E, for i? it ſhouid not rouch the Centre A, ought 
t0 beelevared above the line A G,and conſequently the greater 
Wheel will nor rouch the place C E,which is 2g2inft the fuppo- 
Ation; therefore no point of the plane B F remains untouchr. * 
[5% More- 
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Moreover this difficulty hath great force againſt thoſe authors 
who affirm that a body may be compounded of Mathematical 
points, whether finite or infinite, as may appear to the confide- 
rate, Concerning which I ſhall ſay no more at this time. 
Neither can it be falved by thoſe who admit -proportional 
parts to a& infinitly ; for while they ſay the point of Contact 
may be made in an undetermined part they ſpeak unconceiv- 
ably ; for fince the point of Contact is real and ſingular, I can- 
not ſee how it can e indeterminate, which if it be determi- 
nate, that is, in this place and not in another, than ir becomes 
determinate in this part, and not in another ; moreover '”cis 
ſomething which touches diſtin from all that which touches 
not ; bur to touch, and not to touch, are contradictions, 'and 
how can thatbe ſomewhat indeterminate from all that it couches 
not ? Add, that there is no part in the plane B F, whether de- 
terminate, or indererminate, which remains untoucht ; how 
then does each part of the arch B D anſwer each part of the 
Plane B F, when there are as many more in-that, as in this? ' 
Some recur to the greater velocity whereby one Wheel ' is 
moved than the other, bur if they ſpeak'concerning the morion 
of the Centre 'cis falſe, for there is one-and the fame Centre 
Aro each ; bur if they ſpeak of the motion of the' orb they do 
not evade the difficulty by that, for the queſtion is, why the 
arch BC although it be moved ſlower than the arch. C H, 
nevertheleſs it is meaſured by an equal ſpace, which ſucceſlive- 


ty rouches the whole. $4 
Father Faber recurs to the incommenſurability of the. plane, 


ro wit, of a right line with the arch of a Circle,forhe (ſays, that 
although the right line C E be ſuppoſed equal to the arch CH, 
notwithſtanding they can by no means agree, howlſoever they 
are divided ; but IT ask& whether they conbiſt of an equal number 
of points, ſurely ſince they are equal, they mutt'ar-leaſt con- 
fiſt of an equal number of points, to wit, of Phylical ones; 
or then all ate roucht by the arch B D, or ſome remain u:s- 
toucht, and ſo the difficulty returns : He fays, the points of 
tne plane B F are right, or ſtreight, bur the points of the arch 
B D are crooked ; and altho:igh a right, point be equal to: a 
Crooked point, and although one Whole punt 1s: roucht/: by 
another point, yet notwithitunding they are not toucht alike, 
becauſe the extenſion of the one is not analogous with the 
extention of the other, and he alleadges an exainple. 

X Ir 
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Ir may: be objeSed againſt this explication in the firſt phce- 
freely, that each Phyſical point garopoling a Phyſical and rea] 
plane may be made ;. B F 1s.a right line,, but each point com- 

--,. pofing the-periphery of the Wheel,or the arch BD,or 
Fig. 111. CH is-crqoked, for-why cannot the ſame points of 
ſubſtance, or matter, which compole-a- ſuperficial 
plane, compoſe. a crooked plane?. Moreover, when a rod of ' 
Iron, or a plate of metal is-made crooked by bending, are there 
not the ſame points,if not more.in the crooked plane after bend- 
ing,.as was init when. it was a ſuperficial plane 2? ;Secondly, alſo, 
if we admit the points, B F:to, be plane, and the points. B D cq. 
be-crooked, and ſo theſe touch nor in. an adequare, proportion 
each point of the plane BF, nevertheleſs are there nor little 
vacancies between one crooked point. and another, which for- 
that cauſe leave untoucht the points of the plane A, B, C, &c?- 
Beſides, that thoſe crooked points touch not. adequately, ro wit, 
in all their virtual parts the plane points A B C, doth not cauſe- 
that. in:each- inſtant- wherein the Wheel.is moved by the mo-. 
tion-of the- orb, the. new crooked: paint of: the Wheel ought: 
Nor 'to;; anſwer; to the- new point immediatcatly: next. to that 
of the plane; if ſo. be the point of. the Wheel- is equal to the 
point.of the plane; — | | 
. The ſame'difficulties-occur if the. leſſer Wheel. be concieved: 
tobe ſa. moved, that its. Periphery. be equal to the plane. on 
which-it inſiſts ;. for then the greater. Wheel will be ſo moved 
that its Pheriphery will be double of the other plane which. ic 
palles.over ;. asif the Wheel AB D be turned pen the  plane- 
BI, and ſince: the; arch BD is equal to the "Ig I, the point 
D will arrive in I, for then the point. H of the greater Wheel- 
at the the ſame time will. arrive in L, when. notwithſtanding 
the: arch C-H is as great again as. the plane C L ; wherefore 
each point-of:the plane C L. ought to anſwer to two points. of 
the arch CH. | | : 

Beſides: in this' motion, to wit, when the motion of the - 

eater Wheel, is govern'd by the. motion of the lefſer Wheel, 
Dd: happen yet more {ſingular ; for in the firſt place, 
ſome points of the greater Wheel. go backward, as you . may 
fee after,thart.the Centre of. the Wheel A is. come to K, and the 
point. D is.come to.. I, the point H will-be in L, and. conſe- 
quently: go backward: In like manner the point of Contact C 
goes backward after. that, 'ris come to M, and conſequently 

7 oe: 
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in the end of the motion, it SPNcars that they have gone for-' 
[ 


- Theſe things being noted and' obſerved, it:will nor be hafd- 
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rogether alſo, while it goes forwar d, *tis carried by the centre 
A, and as it were carried away by force towards Þ ; natwith- 
ſtanding it doth not go forward and backward, in the ſame Phy- 
fical inſtant, as Father Cabens contends for in his book of Meteors, 
( for tis impollible for the ſame movent, to be moved by two op- 
poſit motions together .) but fo that ſome Inſtants it muſt gofor- 
ward.and in others backward, which muſt needs be ſaid of ſome 
points, as X and Y, as we have obſerved before, ro wit, if the 
whole time, in which the point H tis. moved, from H going 
down, to L, be ſuppoſed to be 12 particles, we fay, "tis moved ; 
for example, 5 of thoſe parts by a right motion from H, or 
from A in P, that is, by ſmall parallel lines of A P rowards P; 
and the other 7 particles tro be moved-in the oppoſite part in 
going backward, from whence it comes to paſs, - when the 
regrellion is greater than the progreſſion, in the, end of the 
motion the regreſſion only appears, to wit, when it comes 
in L, and becauſe thoſe particles of time wherein ſometimes it 
goes forward and ſometimes backward, 'in each ſhort time are 
almoſt innumerable and inſenſible, becauſe of the brevity, and 
makes the progreſſion and regreſſion by turns, any motion 
and time being aſligned will appear only in the end of the pro- 
greſlion if it. be, greater, or only in the regreſſion if - the pro- 
greſſion be leſſer. | 

Hence you fee nothing hinders but that the points of the, 
plane C L, are in number ſubduple of the points of the arch. 
C H, when notwithſtanding that arch patles over only that. 
plane C L ; for by the method explicated by us,, doth two- 
"2a2 jt the arch very well fucceſſively touch one and the. 
ame point of the plane, to-wit, if in the firſt inſtant the, point 
C of the arch C H; while the arch D i carried by the centre. 
A, touches the point of the plane C, which in the anticedent 
inſtant ir touched rat ; and in the cond inſtant, another point 
of the arch next to C, touches that fame point of the plane C, 
while the motion of the orb goes, backward, and, as I may ſay, 
creepeth upon thar point C: Then again in the third inſtant,, 
the third point 'of the arch rouches. the ſecond point of. the 
plane, and in the fourth inſtant, the fourth point of the arch 

creepeth upon thar ſame ſecond' point, &c. 
But it may be faid thar cannot be, becauſe the centre A 
aught 10. aſcend upon the line Þ A, 1 fay, this.is abſui'd, if the 
MOLLUt 
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motion and the circle be conſider'd Mathemarically, but not if 
ir be conſidered Phyſically, for it aſcends and deſcends always 
inſenſibly ; - and that by ſome ſmall-part of the plane only, ard 
the compreſſion and tenſion of the wheel, withour which it 
cannot be Phyſically moved upan the plane, as will clearly ap- 
pear from what follows. 

Therefore all occaſion of Error proceeds fiom this, that they 
would apply to Phyſical motion and Phytical quantity, a' mo+ 
tion Mathematically conſidered, or quantity and the nature of 
a Circle, which is nor given after a manner, conceivable ; more- 
over they conſider the motion of the point H, by the crooked 
line from H in L, all one as if it were one only motion, when 
notwithſtanding 'its manifold and divers; like as they conſi- 
der, for Example, the form of mixt, as it were one ſimple form 
diſtin from the forms of thoſe , Elements compounding the 
mixt, "when nevertheleſs 'tis not ſomething abſolutely diſtin&t 
from. them, bur only in the manper as I ſhall ſhew in 1s: place; 
wherefore alſo that: mixt Motion may truly be conſidered as 
one ſimple motion by one only crooked line, becauſe the reCti- 
rude of the ſmall parts of which 'tis compounded. is nor. ſen- 
ible, like as. the leaſt particles of.. Elements are. pot fenſible -in; 
mixt ; but: natwithſtanding 'ris truly compoſed. of the . morion- 
of the {ſmalleſt right lines;. ſince. in nature there. cannot be given. 
a motion perfectly circular, as is ſhewn before. | 


PROPOS. V: 


A Globe, or Wheel, while tis moved upon a plane, whether 
Horizontal, or. inclined, is moved by a mixt motion ofea 
circular and. a right,. and is determined according to . a 
circular motion from the, impediment which is in the. con- 
tad of the. plane on which 'tis moved.. | 


Fig. 412.FFHat 'tis.moved with a mixt- motion, - appears from. 
what hath been ſaid; and that the circulas moti- 

on about the centre ariſes from the. impediment. in the. poins 
of ContaC&t ; to wit, from ſome xeliſtance. and rubbing, of the; 
plane is proved, becauſe the circular motion is not ;the-naru- 
ral. by. Prop, 4+ Therefore.it ought to ariſe from ſomthing with-- 
Our ;.. 
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out ; ' but circular motion as ſuch, is cauſed from impediment 
only: ſuccefliveiyderermining new Impetus's by new tangent 
lines ;' but in-our caſe when rhe: centre is, not impeded, - bur is 
alſo moved,” it cannot be an impediment to the centre, nor to 
any thing that adhears to ir, fince nothing there is without ir, 
therefore *tis impeded from the plane only. Secondly, 'tis 
proved, becauſe if any one puſh forward the Globe A by a puſh 
rending; from C to D, in a line parallel ro'the plane B E, the 
Globe nevertheleſs is turned on the plain while ir goes forward 
1nE, but 'tis rolle&in vain, unleſs it ſuffers ſome refiſtance-in 
, the'conratt B; for why. is nor the whole moved by a right 
motion, if ſo be its impetus is impreſt by a right line, and pa- 
rallel to the plane BE? 
You will fay ris eaſily moved, if ic be moved by the mixt mo- 
tion, from the right motion of rhe Centre'and the circular of 
; the orb, but why is ir moved(ſo eafily 2 Moreover. the Centre 
A; doth nor more approach 'to the Centre of the Earth, by'this 
that the Globe is moved* circalarly; for *tis always diſtant to 
the Semidiametrer AB, in the Horizonral plene BE: And' the 
 tmpulſewhen'ir is bythe right line C D, is eaſier deftroy'd if 
the Globe be” moved” by the motion! of the Centre; together 
with the tHorion ofthe ord, than 'if irbe" moved -only 'by rhe 
motion of te-Centre; Fea; *riseatier deſtroyed If it be moved” 
by both motions than*by one* only+;*but+ chiefly becaiſe the 
motion of the orb is not meaſured from that Impetus by a right 
line, but only by the motion of che Centre. | 
You will ſay, when'# deſcends by anrinclined plane, it de- 
ſcends eaſily, if it be moved together by the morion of the orb: 
 For\lince incthis Galen the' Centre of gravity 1s+wittlout the” line. 
of direction tewards, the end..of motion," 'tis determined from 
its Centre, 1 or from its: gravity to fuch motion., | 
1 anſwer, neither in, this caſe ought the;motion of the Orb 
to ove, if there:'be no Teſta of * the plane, for'the reaſons 
are muſter'd up ; for By*this tat "ris 'rmoved witha'circular-mo- 
tion,. it comes nor, nearer the centre of the Earth, nor to the 
ef fvotion; for” By how® mth? the" morion 'offthe upper 
poitt9 are/acctllerared; by ſo mach the motion of the lower 
points are tetqrded by” that motion of the Orb, -as appears by 
whACR Gid;-therefor& fach motion is in vain, When- no im- 
pednentligraken away, for Imp trs acts only-to take' away 
10pediment, {is is often/faid/; therefore if there be —_ 
6 $9 1ment 
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diment in the point 'of conta&t, why, doth, the Globe - always 
inſiſting in the ſame;poins on the plane, ;creepnot onthe. plane? 
Doth not the rmperus's, whether they be violently impreſt on 
the-Horizontal plane, or by. their natural gravity on an incli- 
ney Foapes obtain, rheir end. in the ſame manger,: yea, cater, as 
is aid ?. Le” at 3 ors Bal Es Ho 
... Surely: if :a Globe be ſtript of all. graviey, and, then receive 
fome impulſe from-. without. by. a right line, and. ſhould.ahis 
Globe be in a vacant place, or ,in ſuch a-place wherein it fut- 
fers no refiftance ro: motion, or-nQ more in one part than in a- . 
other, there would be no reaſon why-it ſhould, move by the 
motion of the Orb, . but ic would; be moved orly by the mo- 
tion of the centre, by a line determined from the impreſt , im . 
petus; Whatſoever the ſame be, whether Horizontal, or inclin- . 
ed, or-Perpendicular ; for why tſhould-it-rather move-in one : 
part than in another. | 

' You will ſay from the- forefaid Experiments, that while a , 
* Ball is thrown through the Air, 'tis moved with a double mo-. 
tion, t0\.wit, of the Centre, \and alſo of the Orb*; and. yer in, 
the Air,-there, is no rubbing or{cratching with the plane, nor 
no impediment ; yea, it ſeems, if--the; reſiſtance. which: is of * 
Air, *tis equal about the Ball, that therefore it ſhould nor move . 
rather in-one. part of motion of the'Orb than in another.” 
.:T anſwer, the | Ball thrown is often fo thrown, that at 'the - 
{ame rime'whetein: the Imperns is' imprinted before "tis ſeparated : 
from:him that throws':1t,.,1s not imprinted by one right line on- . 
1y; but:amany Inipetus's: are- imprinted fucceſlively by many lines ; 
whichi compaund/':fome croaked: linss/1far the Arm; } or-that . 
-which caſts che Ball, while it cafts-ir, is. nat; movedby;awight 
motion, but by a: citcular, 'that- is, the }Ball being ſeparated 
from the Arm, while thoſe, Impetus's are propagated m it; and.; 
new. ones produced-by the ſame lines, the Ball muſt-neceſfarily . 
'be turn'd roundabgur its centreHence it is that oft-times allo: a , 
Ball is a little turn'd about-:its centre; if it be:caſt-by one »can- 
tinued impulſe: by a right line, as you. may (obſerve: Betides. 
that tis always bur-little turnid,, becauſe 'tis :never: made fo: 
Spherical and. perfect, bur the Air reſiſts more qne part than a- 
nother ; add, that. if it he not truly Homogeniausior all alike, 
{o. that the centre. of che figure. altogether; agrees with ithe; cen- . 
tre of gravity, ſince it can ſcarce be caſt by that preciſe dine . 
which joins each centre, if it be nor caſt by this line, and.even,. 


"4 
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fo that the centre of gravity/be' right before, and preſently ' is 
ſeparated from the' Thrower, or-likewiſe if it be ler drop free- 
ly, and falls from on high, ir turns it ſelf until the centre of 
gravity be placed inthe formoſt part of the line of DireCton, 
and ſo it contains the impetus of rotation which is likewiſe pro- 
ſecured towards that part : And this is the reaſon why things 
Thar are throwh,or caſt through the air, are moved with a mixt 
motion of right from the Centre, and of mixt from the orb, and 
alſo of thoſe that fall of their own accords ; hence a Cylinder 
whoſe heavier part declines downward, while it falls of irs own 
accord from on high; is notturned about the Centre,bur ſome- 
times abour the axis, fron the unequal reſiftance of the am- 
bient air. 40 | 


PROPOS. VL 


In the deſcending of heavy bodies on an inclined plane, or 
through the free air, the motion of the orb, hinders not 
' the motion of: the Centre. 


TH” S proved, becaulfe the impediment which determins the 
Circular motion i-the Globe, is not in its Centre, but 
in the Peripheryv, ro wit,.4in the contact with. rhe plane. or in 
che conract of-che ambient azr'in thar-part ro which the air moſt 
reſiſts:;;; and this impediment hinders: indeed the motion: of the 
-whole Globe, ard at the: fame:time determines init the Cir- 
calar-motion ; 'but-that circular motion hinders nor,nor retards 
the-motion of the Centre, which is like manner tends down- 
wards, whether the Globe be-moved: circular or nor. 
/\: Hence:one [impetus !deftroys not anothet; unleſs! when-.the 
impediment bf the motion of the Centre: deſtroys the ' natural 
4mperus, and'the-inclined plane, - or: the:: air while it hinders 
the motion of the Centre, ard deſtroys its natural :imperus, 
roduces according to the laws: of reflexion another impetus 
by the tangent, and when this impetus produces ſucceiively 
.a new one »hp..a new tangent, it makes the motion mixt, or 
o——_ to wit, 'the motion of the' Centre and of the 
orb. - | ; | 


And 
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-And you may obſcrve.in. motion on. an inclined plane, not 
only the motion of the centre to be accelerated, but alſo the. 
motion of the orb, becauſe when the morion of the orb is pro- . 
duced from the impetus, by the refleQtion from the dire 
impetus,if the dire impetus which moves the centre be greater, 
the refleed impetus is alſo greater. an 6 epi 
_ Alſo you may obſerve in this motion all the parts to move. 
with unequal motion,as may be gather'd from” 'whar, has; been 
ſaid ; from whence 'tis confirm'd again,thart they are not moved. 
by an intrinſick principle, for this would be alike efficacious, 
or powerful in every part and ſo would produce an equal ef- 
feR in them all. EE 2 TIO 0s 
Hence you may gather the reaſon of the Experiments fql- 
lowing, in which this mjxt. motion. appears from' the ; righr 
and circular about the proper Centre, or Axis,', © 


—_ - 


circuit, fihce "this motion is eaſy to the dart and hinders 
che right motion ; the ſame may be ſaid of an arroy, ''- © -- 


Experiment. IT. 


certain tefleRion together with the daft, is nes 
2 Set 


. The like Ph2nomena you may obſerve in'thofe Hitting reeds; 
which Boys alſo play with, for they fix 3 or 4 feathers 'into” 
wood, or a þony ſheath, which while they ſtrike the! air, they 
force thar wood or Cylinder to turn it ſelf about irs proper 
Axis ; bur if it be furniſht with only one feather, -this circular 
morion will not be ; likeWiſe if any feather be broke, or not 
enough ſever'd from the other, the circular motion ceaſes :/ But 
if the feathers are much ſever'd from each other;' the morion” 

Y 135 {2 
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is ſlower, viz. as well the right motion. of the axis, as alſo 
the Circular motion about the axis:; And the feathers ought ro 
be ſokitted riſing from the bottom to. the top. a little bent, and 
mide crooked increaſing, the ſevering or parting.: The reed or 
line Cylinder of wood always goes before in the motion, and 
the motion of the: Axis aſcends more ſwift, and the circutar 
motion about the Axis leſs ſwift ; :moreover after theaſcenr 'tis. 
corned 'downwards,. and the Axis deſcends with a flower mo- 
tion than before it aſcended, but with a ſwifter motion abour 
the Axis: And the reed, or little Cylinder, ought to be ſhore 
and weighty, eſpecially in the end that goes formoſt, and the 
feathers. muſt not -be too. long, .  _ mo 

"Elke to this, is that motion, which boys running make with 
a double ſtick, furniſhr. with a veil, and as-it were a little milli 
rurningabour the centre, which is fixt to the moveable Staff, 
or Stick, for thoſe veils, while they run-in the air concieve a: 
converſion and circular motion, which is joined with a. right. 
motion. LIE OP © ps | I 

. The reaſon of this Keperioent appears thus, in the firſt place, 
that reed, or little Cylinder, furniſht with feathers goes before 
with a right motion, becauſe "tis heavier and. endued. with a 
EATS erus, and therefore leads the feathers whoſe motion 

e atr "hs more ; and in _— it comes to paſs that they 
are refle&ed from themſelves, and fo turned about in a circuir 
together with the liccke Cylinder, From the air then refleQing,, 
the impetus of the Feathers is imprinted ſucceſſively by a new 
tangent, and from this 1umpetus the feathers. are turned abour, 
and.with the feathers:the Cylinder, or reed, bur the Cylinder, 
or reed. turns not the feathers as a certain Author . ſuppoſes, to. 
wit, the right motion of the reed'is not retarded: immediately, 
but the righe motion oÞ the Feathers, which becauſe they are 
tight, have nor ſufficient Impetns to overcome the: refiſtance- 
of the. air, : but mediarely.. and conſequently the right- motion. 
of the reed. ts retarled;. and determin'd..to the morion abour: 
the Axis from. the like ' motion of the feathers; hence if by 
chance. the featbers. fall. off fram the Cylinder m the way, the: 
Cylinder or. reed. makes a certain tonger ſpace, becauſe ic hath 
not the. impediment of the right motion. from the feathers, but 
as. yet. tis tuyned.zbout its proper axis for fome little time by 
the circular Impetus preconcieved, which is not preſently de- 
kroyed.. bs h 


Secondly,, 


= 
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Secondly, "ris rammed about the: axis to that part, to which,che 
feathers ſuffer: the leaſt reſiftance of air, for if the air. ſhauld 
equally reſiſt all, there is no reaſon why they ſhould be turned 
rather in one part than another ; her.ce they ought to be {a 
fitted, that they may Strike the air unequally ; which. will: be 
if they are ſeperated or divided unequally, and then, the mo- 
tion abqut the Axis will be Swifter. id1 aut>iodw 

Thirdly, one feather only will not do becauſe ut hinders the 
motion bur little, neither 1s there in it 'an unequal reliance af 
the air, of which I ſpake; wherefore there are required two 
feathers ar leaſt, but three are better, becauſe they leſs hinder 
the turning about the Axis. | adv 
' Fourthly, if the feathers are not ſeperatcd, the reed is turned 
about the Axis little or nothing, becauſe - the air refiſts them 
bur little; bur if they are much ſeperated, 'ris moved flower 
by. the right- motion, or Axis, but ſwifter by the motion. abour 
the Axis; notwithſtanding if they are too much ſeperated, 
the motion alſo about the Axis is ſlower, becauſe roo mpuch-re« 
ſiſtance of air retards or hinders each motion ; wherefore the 
feathers ought to be fo fitted, that they do not impel' the air 
with their whole ſuperficies,bur divide it by the edge as it were 
rQ Curt 1t. | | Pl 530, 39451 
* Fifthly, if the feathers are fitted in a right mariner that they 
be neither too much ſeperated, nor too cloſe, bur a little bow- 
ed, with a moderate and unequal reſiſtance of air which: theit 

es divide; then the motion of the reed abour the- Axis is not 
only ſwifter, bur alſo;the reed. is projeRed. further; beemift 
the feathers. are more eaſily broke off from! the'reed; and: a lir= 
tle refiſtance of. air with ſome inequality ſafhces to the motion 

of turning abour the axis, fince this motion iseaſy. 
 Sixthly, It aſcends ſwifter while; 'ris extended, than it; de- 
ſcends afterwards, as appears clearly; from whence that is 
confirmed which we have ſhewn; before, that heavy things 
naturally deſcending do not increafe with the ſame kind-of 
velocity, whereby the velocity of the ſame thingscaſt or thrown, 
decreaſes while they aſcend, and although both in the aſcenr. 
and deſcent, the reed, or cylinder, goes. before the; motion of 
the Feather ; hence while it aſcends, becauſe the Impituwinthe 
beginning is greater of the Feathers, which are flexible; while 
they ſutfer the reſiſtance of the Air, they contra@ themſelves, 
whence it comes to paſs that they cut the Air the eafer, 2nd; 
Ys therefo.e 


164 Mechanick Powers. Book VIIF 
therefore' the reed aſcends the ſwifter,” but 'tis Iefsfwiftly rurn'd 
zbout the Axis ; but while it deſcends, becauſe ir acquires-a 
effer impetus, 'the Fearhers make a'greater ſpreading that it may. 
move 'oftner about the Axis. - | 
Seventhly, 1f the Reed be lighter, it: cannot contain ſo much 
Impetzs,* which eaſily overcomes the reſiſtance-of the Feathers; 
wherefore that it may hold out at length, fo. much »mpetus i. 
tequired, that -the Feathers cannor 'draw themſ<lves, unleſs. 
from'a'great refiſtance of Air they happen robe very much con- 
trated; which while they are,/ ir cannor'be moved: abour. the 
Axis. 
Ezghtly, If it be longer, *tis harder turn'd round the Axis, 
{e it eafily ſhakes to and again; bur ' the Feathers cannor- 
cogether hinder the ſhaking, and impreſs'the' circular impetus ta. 
the Reed ſhaking, | © | 
3 Nintb]j, If the Feathers are longer than needful; they hin- 
der'the right motion, or if they are likewiſe too broad, or too. 
much ſeparated, or if they are too ſhort, and much.contraGted, . 
cheyarenot determined ro motion about the Axis, for the rea- 
fons aſſigned ; wherefore care muſt be taken, as. well ro the 
lengch'as-the breadth, and ſeparation refpeCively to each' 0+ 
ther between themſelves, and to the gravity, or levity, length, 
or ſhortneſs of the Reed, or Cylinder. | | 
-" Tenthbly and Laſtly, the motion of the bearing, and abour the 
Axis'is mixt of a triple motion, one whereof 1s from the vio- 
tent T-petus while it aſcends, ' another from the gravity, and the 
third from 4#mperus by 'refleed motion, ſuccetlively by divers 
tangents” whereby the circular motion is effefted; and from alt 
thels motions, "reſults the ſpiral motion as is manifeſt, and a. 
ſpire is conceived about a crooked Cylinder, which poſſeſſes 
the whole-place' of air, or the way which the Reed ſucceſſive- 
ds ont: hol 5a 54 
- Hence':*tis /'eaſy from what has been faid, ro determine the 
=nes'which are'deſcribed by each poirt-of the Reed, and alſo. 
of the Feathers; in which alſo ſome trembling motion always. 
intervenes. os | 
Alſo. a reafory appears. of the motion of the double ſtaff co- 
vercd* with "the veil. which is-turn'd about circularly, white 
mthe interim *tis conveyed: by a right motion Horizontally by 
boys, as they run; alſo that motion is manifeſt to be ſpiral; 
which hath Spires more thick and cloſe, .in which *tis moved . 
more. 
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more:{wift about the Centre, and flower by the motion of the 
Centre: | * | ; -” 


> ep e—— nar, 
_ —_——— 
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PROPOS. 


A reaſon may be given why a little Wheel, or little Globe, 
' being. preſt againſt a Table, is'firſt thruſt forwards," but: 
.. afterwards turns it ſelf back again upon the Table... h 


——_— 


He reaſon is, becauſe while 'tis ſtrongly preſt again the: 
;'; Table under it, this reſiſts that-in the, point; of :. contact, 


and while at once the Jmperns is impreſt forward. by the retraCti-, - 
2 of the Finger, new,,contacts-are made in other points, ofren. 


times, that therefore jt conceives a. Circular. motion Contrary? 


to that whereby 'tis moved, if the Impetus be only 1mpreſt for-- 


wards Horizontally ; hence 'tis. that while it runs forward, art. 


the fame time 'ris moved circularly about the Centre, by the 


motian:of. rotation back again, wis;.towards.the Finger ;- and 
becauſe; thar- circular impetus continues longer \thana nghrt. ane}; 
this ceaſing;. the other continues and! .compleats.-its. eftect,iand; 
{othe Globe- turns back again; i for it.cannarbe rurn'dabgur its 
centre, : while it reſts upon the Table, unleſs at. once it »be:mo-; 
ved with a right motion of the centre towards the ſame part by 
the reſiſtance of the Table in the point of camact, where; yau! 
ſee: this: motion truly to proceed from ſome; xeflection; forthe; 
impetus irmpreſt backward after that,is: ſo, weak( far; 'tigwenks, 
ned-from-the reſiſtance of the plane Table) that it cannoroAver-; 
came the reſiſtance which is in. the point of. contact, from the : 
Tables refiſting *tis ſomewhat reflected, and. when. the circu- : 


_ lar;5»petus continues, whoſe effect is- calily :gbtained, neither 


can: it be obtain'd .bur:that- ie. muſt; role back again,: therefore: 
"tis no. wonder thar it retroceeds. id Sri = 
Therefore cis falſe,: that any imperys can. perſevere .withour 
the motion which exacts it, as Father Cabens would have it ; | 
for a little Globe, or little Wheel, is always moved with a cir- 
cular, motion about its centre towards the extrudent, in the- 
lame time wherein the, motion of the centre rends forwards . 
yea, 'I have obſerved diligently, that if ſometimes one touch 
a_Globe. while it runs forwards, it will not ole about its pro- 


per. 
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Per'centre, but Creep upon the Table, which it always: touch-. 
bo the ſame point, then the Globe reflects not, nar: goes 
ac 

And 'ris to be obſerved, that while the Globe rends for- 
wards, the motion about the centre is weak and ſlow, to wit, 
becauſe the right motion upon the Table in a manner reſiſts the 
contact, for ir... drives qut..the.motion about: the. centre into 
the. (0) ITe part, tO Wit, forward-; bur the 7 tus ceafi ing, 
whereby *twas moved forward, the impe diment of the- motion 
about the centre ceaſes, yea, it Kol a new ' determination 
ro #7 motion, ro wit, from the reflection of the planes reſi- 


This rea figned by us, appears nor -only'frem-this, thar, 
wi Nenig "Gioke obe is: "yor rolled back again, unleſs it be: rolled: 
abour the <ehtre'alfo, in'the ſame"titme which it runs » forward 5 


bur ae rn this following Ehpetigent. © 
| ; Experiment HE. 


oo Graſp the Globe A; fwirhs; your Fingaes: 5 Tri 
; and'thearher:: to'1t; that: youmay” imprint 
: 1 aopetics abour-th Poles, /orabout the Axis where: 
byi% tis v0! RS through H-ro'G; and ar 'the-fame rime; 
caft ft | ugh the Air, | ſo that ir goes by the line'E'F 
C and falls'y wipes Horizontal plane in B, if that: motion ia- 
bout cthE Axis > Covif enoubh, either ir will ſtay in the point of 
contae or -wilt'be turn/diabout' for | me: up»: 
mth&A © throug hD it'B; or alſo many-<;cimes: 'ris- 
reverted from B rowards- G upon the plane; where: ir appears,” 
in {o''miach-as the Globe is determin'd to the motion of-ro- 
ling back 'again upon the Table, or Pavement, . after that-tis 
3-27 LERRPorthrownforward throughtheAir, inſomuch! 
Pig: 'riep? dl{6it hath the: motion abour-theiCencre, while it 

is borne throu ngh the-Air; fot [from this iris-ahat 
the mperas beingHeftroyed,” by which-it tends forward, while 
theGlobe falls'on the: pavement, * tis necelfarily: from thence're-- 
flected back again. ' For the Globe projected in the Air, pro- 
ceeds' bythe liheA B CD; and 'in the mean while is rurned 
from:Browards C D-abour the Centre C, while it: touches the 
Pavement” E D in D, according - to the- laws of reflexion ir 


PE to reflet in F, PTE farther to. the fame = | 
Wit 
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with ſo much imperus as DI; but if; that impetus' be ;ſmal 
(even as 'tis' when the line C'D comes near to the perpendi» 
cular C'L ) and the impetas whereby /tis moved about the Cen- 
tre be pretty ſtrong, this prevails over that, and while /it per» 
ſeveres. the 'Globe:muſt needs role: towards; E upon the Pave- 
ment ;%hence it does not always:go back,. but only then when 
the : motion | abour the Cencre. is fwitt; and it falls. upon the 
pavement-"'by a'tine 'which i approaches: niore to, 2 perpendi- 
cular,” ©! / BY | 


J1 
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The motion of a Rope,or of a Ball,or Globe, faſtned to the end 
_ of a Rope about a Cylinder, is a Spiral motion compounded 
of many Circular. k | 
go_ moim is divided into many kinds, one whereof is 
F when: the motion is made: about; the ſame Cylinder, fo- 
that the circles are always equal, and: this/is| mixt-of circular 
only and. right: Such as we faid: was: the motion of the reed, 
or Cylinder, furniſhr with feathers ; and of che double faff 
provided with a veil,, &c. and there is another Spiral motion. . 
alfo, which - is made abour- the ſame firm centre, ' but by cir- 
cls 'or wreathsenlarged or kſleved faccellively: more and moxe,. 
'or departing from,.or approaching t6;the ſame centre; more- 
I | rel ein _—_ che Mea ra 
not oniy: : OL t{ucdefiively;;: they, ikew 
tire: from: the: former' centre, -to-'wit;; it always! ck 
centre; and this is mixt of many circular, and-of the right, mo- 
tion of the centre ; bur the ſecond kind'of Spiralmo-.  __ 
tion-is:mixt-of. lefler circles only ſfhiceeſfively; thefuſt Fig. 135- 
ſpiral motion is ſhewn by the figure AB, the fe- |; + -; 
cond by: the figure CD; the third-by- the; figure 'E F.- 
Theſe things being:fore-knowng. if we canfider. the. motion. 
of a rope about a Cylinder, whether the rope be turn'd. abour 
by the Cylinder by circles, having divers Centres in divers 
points of the Axis of the Cylinder, it ut be, "tis a ſpiral--motion. 
of the firſt kind.z but: if the -motion of any determinate point 


in the rope be conſider'd, as for example, the <r.4 of theRopge 
7 OL. 


| eHub turns: 
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6r'the 'Globe--annexr iro! rhe: end i of-it;/ then, euher it may 
{o be; rarned abours/by the Cylinder;! that the! ſame'centre al- 
ways remains- in” the: ſame point of : the Axis; and their ap- 
pears, 'that fince the radius 1s | ſhortned ſucceſlively, from that 
Gtobe-is'made a ſpiral morioni-of - the-:ſecond.ckind,. which: is 
wnpounded of circular -moripn' only, :for there; way: be ;per- 
ceived'{6 miiny circular motions, althatghinor perfett;-asttert 
are'wreaths, (or [rather ſo many: new: determinatidns-40:;; new 
Circular motion, as there are conceived Radius's one {ucceſlive- 
ly ſhorter than another ; or, it may be ſo turn'd about by the 
Cylinder, that the centre is changed ar-once;-and-then the-mo- 
tion of the Globe, ar.the end of the Rope, will be a ſpiral mo- 
tion of the third kint7 ſuctr as'may \be' conceived ro be made 
about the Cone E F, from F, in E, which appears to be mixt 
from a right motion of the* centre, -through' the” Axis"6f the 
Cone, or Cylinder, and of many circular ones intelligible by 
Sence ; for it cannot truly be ſaid, that there are 'many .circu- 
lar motions, ſince none makes a perfect circle, yea, no part of 
that ſpiral lines partiof a circular lihe ; bur if it: be. taken; as a 
{maltpart;-?cis'a-Tight line-from-what hath been ſaid before; 
#45 a*compounded-parrycit conſiſts of many right 'lines, wiz. 
-of any Tangents/ yer nor ofithe ſame circle; bur of divers: cir- 
Hence "ris;: that'if a Cylinder be thicker, and a Rope of the 
_ -famElength being puromn'it,; "ris caſter and-with- lefs imprinted 
t by the Cylinderz> to- wit; becauſe the-patts 
-of the circumferencewfihe Cylinderate thoſe which: refit by 
= nn #righr'line impreft inthe beginning; and by the-im- 
Pe | uma reg eQion, they determme: to. new and 
Hewes oftencithes; atid/ by how: much greater the:circumfe- 
renee 3s, dy ſo-much. the leſs frequent is-thatinew determinati- 
ON, as appeats:from what: has: been (aid; and :fo+ the; lefier. im- 
- þ&ks 35-defttoped, :45 that: which is -moved-by! a-grearer circle 
is leſs weatiedior epred| i od) I nag ot nol cn bene 
Secondly, IE appearsowhy' a Globe: ddth: not aſcend; tor is 
'tnrh'd abour-by'wOCytlindes, if the-imperus be too; weak! in pro- 
- portion to the-rhickneſs' of the' Cylinder, or to the length of 
"the Rope ; for although 'ir:beſo great that a right line could af- 
' cend to thar height, yer while/it-often ſuffers [reſiſtance by re- 
-Mections and new determinations, -'tis much abated.  ' 


Thirdly, 
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Thirdly, if it be once turn'd abour, it effects all the reſt of the 
rurnings abour eaſily, becauſe the circles are ſucceſſively leſſened, 
and ſo the motion is always leſſer, when notwithſtanding the 
former impetus perſeveres almoſt the whole time: For if once 
the imprinted impetus decreaſes leſs than the wreaths decreaſe, 
one of the greater wreaths being finiſht, the other leſſer are alfo 
eaſily and therefore ſwifter accompliſht, and the velocity is 
increaſed proportionally to the leſſening of the wreaths, not ab- 
ſolately but comparatively ro the remaining impetus, ſince alſo 
here, :as is ſaid, *tis decreaſed or leſſened ſucceſlively, notwith- 
ſtanding lefs than the wreaths ; for if the wreaths and the im- 
petus were leſſened equally, the motion would not be quick- 


ned. 


ms 


PROPOS. IX. Fig. 116. 


If a Glebe,or Wheel, be moved and turned about on a crook- 
ed ſuperficies which is immoveable,it makes a mixt motion 
from a double circular. 


3 the crooked ſuperficies be A BC, upon which the Globe 
4 B D is turned rowards C; while the point E comes to F, 
the Centre of the Globe H comes tro G. For the Centre alone 
is moved qnly by a circular motion through the arch HG1; 
bur all the other points of the Globe are moved circularly by 
the. motion of the Centre, and in like manner alſo by a circu- 
lar motion about the proper centre, or axis. | 

_ But *ris ro, be” 0bferved, that this mixrt motion may be conſi- 
der'd divers ways, for the crooked ſuperficies on which the 
Globe is roled is Either convex, or concave; and again, the 
Globe is turned either on a greater Circle, or a le{ſer, or an e- 
qual; if notwithſtanding the Concave be'equal or ler, the. 
Globe,or Wheel, cannot be moved,as appears. 

| Moreover, obſerve that the Globe B D, whether ir be leſs, 
or equal, or greater, than the Wheel, or crooked Superhicics, 
on which *"tis moved, may be ſo moved that the Line of the 
move-'ble Globe B E, which ſuccellively touches the Circie 
ABC is equal to the Line BF, when the point E comes to F; 
or it may ſo be moved that the lineBE is leiler, or lafly. 40 
that it be greater than BF, | 


Th / Yr ary » 
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Thirdly, the foreſaid Globe may be underſtood to move by 
the motion of the Centre towards C, and in like manner by 
the motion of the orb rowards A, to wit, ſo that the point. B. 
rends to E and D, &c. and in each cafe the motion of the 
Copy may be equal ro the motion of the orb, or greater, or 
eller. - 

' Fourthly, Note, that if Copernicus his Opinion be true, that 
the earth is moved with this mixt motion, to wit, by the mo. 
tion of Centre through a circle of the greater orb abour the - 
Sun, and by the motion of the orb about the proper Centre; 
and the motion of the Centre ſhould be greater than the motion 
of the orb, according to the common opinion concernirg the 
Diameter of the great orb, which the earth runs through in one 
whole year: Where alſo obſerve, that every point of the ſame 
parallel Circle are moyed with unequal velocity ; for whe- 
ther we ſuppoſe the motion of the orb and the motion of the: 
Centre to be cowards the ſame part, ſuppoſe rowards C, when 
the point E comes to F, and the Centre H in G, the poine B 
will be inE, and the point D will be in L, wherefore the poinr 
of Conta& B is moved ſloweſt of all, bur the oppoſite point D 
ſwifteſt of all; that anſwers to the NoQturnal meridian, this to 
the Diurnal meridian. Or whether we' ſuppoſe the 'carth rg 
be moved by the motion of the Centre towards C, and. the 
motion of the crb from B in E, D, &c«. in this caſe"the con- 
trary happens, to wit, the point of ContaR B is moved ſwifteſt. 
of all, for it comes to L, and the point D ſloweſt, for it comes 
toE; and theſe kinds of motion of divers points of the ſame 
circle will be flower,or ſwifter, according to the divers propor- 
rions of velocity of the motion of the Centre, and the mation 
of the orb, nevertheleſs all will be by crooked lines, as appears 
by what has been ſaid. | 

Fifthly, after this laſt manner, ſome Epicicles are ſaid ro 
move by Aſtronomers, tq wit, by the motion of the Centre 
to the Eaſt, according tothe Series of the Signs, or, as they ſay, 
in the Conſequent; ſuppoſe the Centre C towards A, and the 
Supream point, or the yianets Apogaum D, moved in the op- 
poſite part from Din E towards the weſt, and, as they fay, in 
the Antecedent. 

Burt ſince the foreſaid motion may be divers according ro 
the divers magnitudes, and proportions of the Circles, it ap- 
pears nevertheleſs from the doEtrine deliver'd before, that the 
: lines 
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Hnes of all the points deſcribed by the motion of any circle, may 
be determin'd hewſfo'ver *tis moyed on one or another, which 
may be of great uſe in Aſtronomy. 


— — . 


—— _ 


PROPOS. X. 


The Spiral motion of Sphares may be explicated, to wit, 
when a Sphere is moved by a motion mixt of Right and 
Circular, or of two Circular ones. 


Fig. 1 17.0 in the firſt place, let the Sphzre BC be moved by 
its Centre A through the right line A H, and at the 
fame time turn it about the axis BC ; moreover every point, 
except the Poles B, C, deſcribes Spiral lines, as if they were 
Spires, or wreaths, about divers:Cylinders, about the greater 
Cylinder, truly the ſpire which it deſcribes is :from the poinc 
F or G, but abour the leſſer, which is deſcribed from the point, 
next to the Pole C or B. Bur if it be turned about .the Axis 
FG, or any other oblique, it will be another divers 'mixt mo- 
tion in divers points, whoſe lines may ealily be found by the 
foreſaid dodrine. 
In the ſecond place, let the point G be moved through . the 
arch GC, and at the ſame time underſtand it ro move abour 
The Axis'B C, irwill be a' Sphzrical-Spirat morion mixr of a 
double circular. | | 
Thirdly, let the fame point'G be movet through the right 
light line G C, while *tis moved alſo about the Axis BC; the 
-motion 'will be conicaly Spiral, mixt of Right ard Circular. 
'Befides the Spheric Spiral motion, there may be made another 
motion Concid Spiral, to wit, if a Conoid be rurn'd about one, or 
about the other Axis, while its point is ſomewhat moved 
through a right line; and 'tis of a threefold kind, viz. either 
Elliptic, or Parabolic, or Hyberbolic, as appears by Geometry, atid 
from the Mechanick deſcription of thoſe figures. 


Z 2 PROPOS. 
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PROPOS. Ab 


In the motion of a globe upon a plane, a three-fold motion may 
conjoined, ſo that it may be mixt of a Right and two Cir- 
cular ones. - 


His experiment appears from the game at Billiards in play- 
ers balls, for while the Centre 1s moved through a righr 
line. and the other points about the Centre, ſuppoſe in a ver- 
-rical circle, if the globe either 'by oblique reftexion, or by a 
new impulſe, be never fo little rurn'd afide about the Horizon- 
ral, or other line, ir concieves another circular motion alſo by 
that line, and ſo beſides the right motion of the Centre there 
is a double circular... And. from-this appears the reaſon of tke 
faid plays ; as'for example,while the ball is moved by the right 
motion of the. Centre, - and by: the circular: motion/ of the orb 
.together, ifthe Chord be roacht. lightly "tis! rarned :a lirtle a 
fide and makes another-circular motion; from whence it follows 
afterwards, that the leap decieves the ' player, becauſe the mew 
ys yy motion acquires a new determination in the reflecti- 
on, &c. | 
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A Glote, or fach like body, infiſting on a plane cannot move 
circularly about the Penpendicular Axis, unleſs at the 
Same time jt, be imprinted by a double impetus in oppoſite 
parts. ' Fig. x18. - SUIT £5) » of3 3500s 


Er the Globe, or Top, ſuch as. children play with of a 
Conoid figure be A B, reſting on a plane in the point B, 

and you would have it move abour the axis A Bin an Horizontal 
circle C D : I ſay,it cannot ſo move, unleſs all under one it be 
impreſt ; or forced by a double oppoſite impetus, one, for ex- 
ample;in C cowards the right hand, and the other in D towards 
the left hand part; the reaſon is, becaulc if it be forced by one 
umNperus 
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impetus only, it will be determined to, one only right line, and 
ſince there is no impediment ſuppoſed; which may hinder. the 
Globe that ir ſhould nor be moved by that line, it will be 
moved by it, and fo be 'turned, on the plane in the vertical 
circle: A C DB, but the top will faſt ro that part: rowards which 
the impetus is impreſt. Bur if atthe fame time another impe- 
tus be impreſt on the oppoſite patt, when thefe two imperus's 
are not by the ſame line;bur by Two divers Tines parallel to each 
other, eirher may have its ot & by chance, and when one at 
once hath the reaſon of the impediment with refpe&' ro the 
other,. leaſt che Globe, or.top, proſecure* the morton, by-righr 
lines, *tis determined to circular 'motion,” for neither\©1m"thoſe 
two impetus's'obrain'their effe&s any other way ; Hehte It is, 
that the top being raken by the head, or its ehd of the Axis''A, 
and being caſt off by the fingers in contrary parts we make ir 
Spin, or turn in Circuits; and it perfeveres this circulzr motion 
a long time, becaule the impetus is not _d'-ftroyed by rhe 'weighr 
fince the top is in '£9#i/iby;0, but the only by rabbing with the 
plane,” and from ſome reſiſtance' which every moment changes 
the determination of the'rangentines;” hence the ſmoother the 
"ix is, and the fharper the point of the top is, the' longer 
.time It ſpins,”or profecutes the motion. © - * G77 
Bur when we wind a ſtring about the top, and retain the 
other end of it in the hand, and caſting ir from us it ſpins, 
'then in like manner that double” imperus happens in the - oppo- 
"fire parts; for not' only white the ſtring-D E unfolds, doth it 
"draw. rowards us the point' D,*but'ar the:ſame time with the 
ſame ſtring we throw the top from vs Tike a ſling; and the'ms- 
tion of the rop endures longet being caſt ini' this manrier; 'by fo 
much as the 1imperus's are grearer and the ſtring the longer, 
becauſe a power applied remains longer, and while the'pro- 
zeed impetus perſeveres the. other impetus of rhe ſtring being 
-retxacted-in the oppoſite part, afd hindering the: former im- 
| pet, gives many new determinations to new and new tan- 
ents. : ES JN $3019457 
5 While the top is caſt, it makes a motion mixt fron the right 
motion'of the centre, and of the Horizontal circular, as-appears, 
oralſo of another right motion which tends downwards. 
Secondly, when it inſiſts on a'plane, if the ſame point on which 
it inſiſts be moved only by a circular motion about the axis, 
then 'tis ſaid to ſleep, yet in truth the motion of the Axis is 
eos bur 


: t 


174 Mechanick Powers. *Pook V1. 
bur little moved about the Centre of gravity which Is in the 
Axis ; but becauſe it either finds it on the plate, or makes 
hollow ſome lictle trench of it felf, this trench detains the Axis 
leaſt ir ſhould go our of it, unleſs afterwards the Axis: begins t9 
incline more. | 

Thirdly, thereupon it moves always by a motion mixt of a 
Circular about the Axis, and of a Circular of the ends of the Axis, 
ſo that alſo if any point of the Axis remain immoveable, yet the 
extream points of the Axis deſcribe rwo circles, one in the 
plane, the other in the air above. 

Fourthly, ſometimes another motion of the whole Axis hap. 
pens to the foreſaid morions, which is carried about not in a 
perfe&orb, bur ſpirally, the Spires,or wreaths, ſuccellively-more 
and more contraCting untill ir begins to-ſleep ; and tttis motion 
is always on that part ro which the outer portion of the top 
by irs motion is turned about the Axis; to wit, becauſe this 
Spiral motion of the Axis is determined from the Circular mo- 
tion about the Axis ; you ſee therefore many motions in a top, 
one abour its Axis.in an Horizontal circle, another of the ſame 
Axis, and the Spiral of the Centre; laſtly, another of the cuxp- 
ing round of its Axis about ſorne of its points,by which motion 
of rurning or trembling the foreſaid little circles are deſcribed 
by the top and point of the Axis. | 

But the Impetus of the orb- about che Axis ceaſing after that, 
and the rurning about and the inclination of the Axis prevail- 
.ing, the Centre of gravity ſo departs-from the line of direCtion, 

_that the-Imperus of , the orb cannor keep the Axis ere, the 
top falls; and then becauſe init there remains as yet much of 
the former impetus, it makes ſtill ſome oblique rurnings or 
Circuits, which although they ſeem to- be made in the oppoſite 

yParn yet they. are made (if you attend rightly) on -the 


> 
* 


part on. Which the eircular motion abont the; Axis was 
_ made;;: which when 'tis hindred by the contaGt, of the Plane, 
therefore afterwards 'tis rolled about upon the Plarie, arid'now 
is more moved-by the 'motion of the Centre which before Was 
hindred by motion of the orb, or that from this you may 
know the nature to be-loved of the right motion of the Geitre, 
-but-not- of the orb abour che Centre, STE Es 
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\ TOU ſhall ſcarce ſee any ingenious Engin in which either - 

* circular motion doth not - appear, or at leaſt that which 
-* may not be reduced thereto, notwithſtanding in this : 
lace we ſhall -rreat only of thoſe kinds of Enging or Inventi- 
ons, which immediately depend on the Principles, and DoQtine - 
of Circular motion binted at before, - - | _ 


Problem. T.- 
To wake divers kinds of Wheels commonly uſed in Engins.”- 


(O_ we make uſe of rwo forts of Wheels; one where- 
I of is furniſhr. with teeth, and the other hath, nane;; thoſe - 
thar have none are fingle Wheels, and Pulleys, which are hol- 
lowed in the Periphery for the Rope to move in, as alſo Wheels - 
with handles to turn them by: And the firſt fort of. Wheels 
contains as many kinds, as there are various forms of teeth, 
which T thiak fic to deſcribe in the firſt place, for- the berrer - 
underſtanding of whar follows, and-thar any one may know - 
how to make choice of thoſe kind of Wheels. which ' he 6 
ſteems-moſt fir for his occaſion. | ; 

Teeth, or,as ſome call them, Claws, or handles turning round, - 
their chief uſe about Wheels is, that they lay hold on, _or bite - 
cach, other, and being folded'in each -other they canſc a 'reci- 
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procal motion, and they are various as you may ſee in Fig. 119. 
from whence the.names of thoſe wheels ate divers. 

A toothed Wheel is,-that whoſe Periphery ſticks our with 
lictle handles endued with Semicylidric form, as in the arch 
AF;-ora plainided-Priſme,-as in the arch EF... _ ...... 

A Fingered Wheel is, that whoſe Periphery is garniſht with 
plainiCylindrick ſmall ſtakes, as in the arch AB, or ſomewhat 
like Cylinders, as in the arch B C. pl 

A ſharp pointed Wheel is,that whoſe Periphery is.cut-ip with 
lictle handles turning round like the-figure of a point of a Sword, 
or of a tongue,as in the arch E D may be ſeen. 

"A Studded Wheel is, thar in whoſe” Periphery little'Sphzres, 
or Convex Hemiſphzres are diſpoſed, or the Concaves are 
made hollow anſwering ro the* Convexes in the other Wheel, 
the firſt parcel referrs ro the arch CD. 

A Starred Wheel, is that whoſe” Circumference is Furniſht 
with thzee ſided Priſmes having each fide equal, as in the arch 
A Snagged, or ſawed Wheel, is the ſame as the former, only 
with this diffecence in the former, the ' triangular ſides of the 
eng : at. equal, bur. in, rhis they are unequal, as in the arch 


A helical, or ſcrew Wheel is, that in whoſe circumference 
chanellings or grooves are made, according to the quantity of 
the angle of the Axis of the inclined wheel, whatſoever figure 
the ſame hach,. which nevertheleſs are reduced to four kinds, 
Semicylimaric, as in the arch AF, Trigenal, as in the arch GH, 
of we &des,;as in the arch K L; 7Trapezias, or unequal 4 fides, 
AS, ne AsT ans wv>;i et 4 N T 4 
” A Ypaked, or crooked Wheel, is that which hath hooks @iſ- 
poled-3n'its circumference, asin the arches HK, and N M, you 
max hebald. + .-....;. | 
;Alſo Wheels are named..with,reſpeRto the figure of their 
Wheels Np teeth be; what .they,; will; for, ſome: are, called 
Wheels, og O-biculates,.1n..hick the baſes of the ;Crgs or 


Pla 4 Py £ , "TX C ' > : X 
Tees a3&;1},in; the- Tame plane 3:pthers are called Covey, Clin 
ric, when the Cegs are diſpoſed in. the. outer: ſupexficies of 


che. 5 rags or any Circle thcrevf; Others, are called Concave 


Cylindric, in whole, inner Cylindric ſuperficics the ſame. ;Cogs 


.are,diſpol;d :, In, like manner. ſome Wheels. are , called wir 
any, 


£9846, others Concave Cenic, even as is 124d of Cylindric: 
a Wheel 
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a Wheel without teeth, and whoſe Periphery hath nothing 
ſticking out, they call ſmooth or even. 

Note, that all the kinds of teeth, or Cogs deſcribed, or any 
other ſuch like, may be made, not only in the Periphery, or 
outermoſt ſuperficie of the Wheel, but alſo in one or both of 
the lateral ſuperficies, or Circular, or Cylindric baſes. 


Problem. II. 


To apply Weights, or Powers ( moving by their natural gra- 
. wvity )to Clocks, or other Engins. 


Lmoſt all kind of Engins, which are moved by inanimate 
Power, are uſually made with ſome Wheel, or Cylinder, . 
ro which a weight being hung, while it endeavours down- 
wards by its natural gravity, it moves that Wheel, or Cylinder, . 
and thar puts the other parts of the Engin in motion, as ap- 
pears in common Wheel Clocks : And weights may be applied 
to Wheels many ways, which we will unfold, before we pro- 
ceed to the making of the Engins: The firſt way of nanging 
weights to common Clocks, or other Wheels, which by ſome 
dererminate time, being ry in the middle and impelling,, 
ought ro turn them round, is, that one end of the Chord, or 
Rope, be fixt to the Cylindric Axis of the Wheel,and the other 
end ſufficiently faſtned ro the weight, as you may | 
precieve in the Figure: And in this practiſe you Fg. 120., 
muſt beware, that the Cylinder be not wanting ro , . 
the --rope, for ir ought ro have only -fo much. length, that. 
che whole Chord may be turned abour ir, for if the rope be 
ewice wound about the ſame Cylinder, thar is, if the latter 
windings of the Rope fall upon the former, ir will come to paſs 
that the formoſt motion ( viz. while thar part of the Rope de- 
ſcends which is wound abour the other ) the motion will be. 
{ſwifter than thar of the latter, to wit, while the remaining part 
of the Rope deſcends which is immediately wound about tle 
Cylinder. 

The ſecond way is, when weights are hung to each end of 
the Rope, as appears in the Figure : For the Rope | 
ABC is put upon the Pully D, in whoſe Periphe- Fig. 121. 
ry there is a hollowing, or groove cut arching, {9 
that the Rope may lie in it, and rccieve firmly in it the draw- 

Y Aa ; | - ing 
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ing force of the weight, -and the weight A-muſt not deſcend 
ca rurning the Pulley about, = confequently raiſes the 
weight C. 

In praticing this Arrificers are commonly miſtaken, for 
fome in the forefaid bollowing of the Pulley-D, make 6 or 8 
ſharp points ſticking ont 10 hinder, leaſt the Rope heing 
drawn by the force of the weight A ſhould not turn about the 
Pulley. 

Bur thoſe ſharp-points render the motion of the Pulley, and 
fo of the Clock, or other engin, a!togerher unequal ; others 
make the Cavity. or hollowing of the Pulley narrower -in one 
place, and widerin another, from whence ir follows, that the 
| Rope (being unequaly diſtance. from the Centre makes the mo- 
tion unequal. 

Therefore if the Rope flips withonr turning the Pulley thoſe 
ſharp rnnmnny be uſed, bur a greater number muſt be atfoxr, 
and rhey ought to. ſtand our all alike,and equal upon the Peri- 
phery of the litrle Wheel; which may be performed more 
afely if you glew an ſome hitle balls like butron moulds or 
beads to the whole Chord, or fix them in ſome other manner 
which may be all alike and equaſly diftant to each other; and. 
in the Cavity,or hotlowing of the Periphery of rhe Pulley,make- 
titrle holes. or cavities right with the ſame diftances, which 
Cavities muſt anſwer the little burrons or beads, and receive: 
them within them one after pnIther : Some inſtead of thele,. 
tye knots in the rope, being equally diſtant. | 
| Bg. 122. ' The third wannerin uſe is, when the fpace for 
the deſcent 'of the weight js too low, or fhort, or of roo few 
hours; or if.it be fufficient, we wauld notwithftar ding ex- 
tend the motion of the clock, or dial, to. more hours. For then: 
we double the Rope, which. may again be done in a twofold 
manner ; firft, one end of the Rope is. faft bound: to ſame place: 
A, and the other end co the Axis, or Cylinder E, of the Wheel, 
which it ought to go-about; as for example in D, this Rope 
ABD ſuſtains the little Pulley C with the weight arnexr to it, 
and this. whole weight rogether with the liule Pulley C oughr 
wo. be dowvble of chat which is. hanged 1o: the ſingle Rope; alſo: 

the Rope may be triplicated, quadruplicared, ec. 

Fig. 12% if there be added above and benearh other Pulleys, 
in which caſe alſo the weight may be in like m4n- 

ner ttiplicared. or quadruplicated, gc. In the ſecond place - 
© 
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the double: Pulley. D, C, one of which: being annexr to: tht 
weight C, andthe other to the Counterpoiſe D, and tHe:ends 
of the Rope B andiE are faſtned to ſome firm immovable place; 
{o while the weight deſcends with the: Pulley C, it tuxns:the 
Wheel, or Pulley A, and lifts up the counterpoiſe D: 

Fig. 124+ The fourth manner is by a. continual Rope, diſ- 
poſed in ſuch manner as the figure ſhews, in which A isthe 
loweſt Wheel of the Clock, or ſuch like. Engin, or the. pulley 
annext to the Wheel, and'made hollow in the Periphery ro re- 
cieve the Rope firmly,as we have ſaid before. B is another Pulley 
like to the former, and moreover furniſht with ſaw-like teethy 
and with a pin C ſo faſtned ro the fide that ir endeavours 
againſt the reeth while the weight D deſcends, that the: Pulley 
. B. be not turned about at that time ; but the Pulley A is roked 
about and lifts up leiſurely the counterpoiſe or weight E an- 
next to the pulley ; where you ſee there is no extream head of 
the Rope, bug it is one continued Rope, and put into the Pul- 
lies, whence 'tis called perpetual or infinite. When therefore 
the weight D deſcends to the lower part, and the. weight: E: is 
carried ro the upper part, the Rope being taken: by: the hand 
inF, a1d by drawing downwards raiſes the weight D again and 
depreſles- the weight EF, for the pin. C-endeavours not' againſt 
the motion of the Pulley B, bur: alone. againſt the: oppoſite 
motion. 

The peculiar conveniency of this Rope, and. the application. 
or diſpoſition of the weight conſiſts in this, that in the ſame 

ſpace of time, wherein the Rope is drawn, and the 

Fig. 125. weight raiſed ro continue the motion of the Clock; 

the motion of the clock is not interrupted, as hap- 

pens in others ; for alſo while *tisdrawn upwards by drawing 

of the Chord' in F, ir diſcharges its office in enforcing the Pul- 

ley A, which truly is of great moment to the exact perfe&ion 

of Clocks, and ſuch like Engins, and the knowledge of 
time. 

Likewiſe you ſee by this doubling of the Rope, that the 
{l>wneſs of the weight's deſcent is doubled to that it would 
have by a ſingle Rope ; and it might, if need were, be quadru- 
plicated, and be made greater than any given proportion. You 
may add to the two pulleys A, B, another Pulley G,and to the 
Pulley D adjoin another little Wheel abour the ſame Axis, or if 
divers, Join ir at lealt with the other Axis. Then this perpe- 

| Aa 2 tua} 
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tual Rope being drawn abour all the Pulleys,viz. ADGDBEA; 
for ſo the deſcent of the weight D will be foar fold flower, and 
therefore the weight ought ro be four fold greater, yea, and 
ſomewhat more;becauſe of the much rubing of the Pulleys with 
the Rope, and the reſiſtance, Oc. : | 
Fig. 126. The fifth manner is this,the Pulley B 1s underſtood to 
be firmly affixed to the lower Wheel of the Clock, the other A 
ſtabliſhed ſomewhere commodiouſly, and being furniſhe with 
ſaw-like:teerh-with an Iron Pinto endeavour againſt the weight, 
as is ſaid before; from the perpetual chords of thefe Pulleys 
hangs the weight H in the little concentric Pulleys E FG and 
CDN, one of which is conjoyned immovably to the other, 
and both rogether about the common axis of that which turns 
eably :' Moreover below let there be two Pulleys K and L con- 


Joined in their centers to the common beam K L, in the middle 


whereof hang. the weight M. About thefe and the former 
Pulleys draw rwo perpetual chords by this artificeghe firſt Chord 
is BLGFEGB, to wir, ſo that it fold about the Periphery, or 
Circuit of the whole Pulley E F G.once: The other Chord in 
like- manner, muſt be drawn about. the whole Periphery, of 
the leſſer Pulley CDN, concentric 'with the former, ſo that this 
whole Chord be ACNDCK A. Bur now that which is 
faid concerning this laſt Chord,and the pulleys belonging to it; 
is, that it ought to be done altogether like ro the other, but 
placed on the other face or ſide-of the Pulleys, which in like 
manner Contains a certain leſſer Pully equat to CD N, ſtandin 
out on the other part and divides the whole office of holding 
or bearing up with the other; wherefore it behoves the Pulleys 
A and. K to be alike. 

That therefore the weight H be drawn with its Pulleys on 
which it hangs, you muſt apprehend the Chord A K, either 
alone or compared with another, viz. in E, and drawn down- 
wards ; for:ſo it comes to pafs that the weight H aſcends, yer 
in the mean while the motion of the Pulley B is nor ftopr, and 
conſequently neither the motion of the Clock, or other Engin : 
So likewiſe it appears in this method, as alfo in the precedent, 
that the attraction of the weight may be continued as long as 


you pleaſe without hindering the motion of the Engin. Left- . 


Ay,it appears in this laſt method that the motion downward of 
the weight may be made flow according to any given propor- 
$70) pp 
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tion, to wit, in that- proportion which the diameters of the 
Concentric pulleys CDN and GEF have to cach other ; and 
in.the ſame proportion the weight will always be increalt. 


Problem. TII. 


To appply: a Spherical, or rolling weight, to the Wheels of 
Clocks, or other Engins, by finite Chords, as well as by 
infinite Chords, 


go oftentimes it is neceſſary in the artificial conſtruttion 
of Clocks, and other Engins, tro make ule ot Sphzrical. or 
rolling weights, two or more whereof ſucceed each other mu- 
rually ro continue or perpetuate the motion of the; Engin, as 
will appear by what ſhall be faid ; therefore : we will deliver a 
duuble method, whereby it may eafily be obtain'd. 

Fig. 127, Firſt, it may be done by a perpetual Chord, or. 
Thong of Leather twiſted ; for let there be two Pulleys, or ſhort 
Cylinders A and B, A being fixt to the loweſt Wheel of the 
Clock, and B ſtabliſhc in the loweſt place to which the. weighc. 
ought to deſcend ; pur on each the perpetual chord AB CIA, 
ora Thong made of the Hide of a Bealt ; then take another Thong . 
alcogether like to the former and putabout the ſameCylinders;or.. 
on two. other pulleys parallel ro the former and diſtant from 
them ſo much as isthe diameter of the Spharical weightD,which 
is ſufficient to turn the clock orEngin, this interval of the double: 
Thong being obſerved, joyn one Thong, with the other by 
ranks of certain fond Irons ſemicylindrical, whom bales: 
areEHI, LMN: And they are cafily connected if. you; drive: 
a Nail through each Semicylinder, and the Thong which folds. 
about it, ot if by chance the Thongs of the. Semicylinders. 
ſtrain in the middle, it will make a Scale, as appears. in [the. 
Figure P.Q, fo that the Spheric weightD being placed. between. 
the foreſaid degrees will be ſuſtain'd by the lower: pair of.Cy-- 
linders, viz. in F. Bur that theſe kind of perpernal Scales. 
may be turn'd about with the Cylinders A and B with an uni- 
form motion, there muſt be made hollow Semicylindric grooves 
or Channelings in the Pcripheries of the Cylinders, in which 
are received the convex Semicylinder of the Scale. 

If the Spharic weight D be of a great bulk, the Thongs may 
be made of double or triple Leather that they break nor, or in 


ſtzad of them Iron chains may be uſed. The 
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The chief uſe of this perpetual Scale is to-continue the motion 
-of the: Clock, or other Engin ; for after that the weight Dis 
deſcended to: the loweſt part G, 'tis caſt away by the Seale, 
which will be done either from the Pulley B, or better from 
ſome obſtacle firred below for this purpoſe ; then the Globe 
breaking out from the Scale in the lower groove G, litting up 
ſome peltle of Iron by means of a Thred' or Chord, opens an 
entrance to the other Globe in the-upper groove E, that it may 
ſucceed in his place on the top of the Scale; bur the former 
Globe depoſed in G is lifted up again to the groove E, by an 
artifice which we will ſhew in the following Problem, that it 
may” again deſcend by: the Scale, &c. 

Fig. 128. Secondly, it may be done thus, affix the Pulley Hto 
the loweſt Wheel of the Engin, which ought to move and turn 
caſily abour its Axis, having in its Periphery Saw-like Teeth 
with the Peſtle R, which being fixt in ſome place of the Wheel, 
and firted with a plate of metal prefling;; pur the Rope L HK 
upon this Pulley, faſtning co one of itsends L ſome little Box or 
Basket wherein the Globe may be received, and to the other 
end K, hang; a weight of ſuch gravity, thar ir may draw up 
the Bagker free from the! Globe, from the bottom Q to the 
rop, where now it -appears'in the: figure, which the Peſtle R 
wift not” hinder, which hinders only the oppofire motion 
of the Pttley H; and that the Globe may: be contain'd within 
the Box or Basker; and nor- ſfip out of it, ere two or more 
rakes Þ*'Q'and' M\N, &c. Bur after thar-the Box- with the 
Globe'is'defeended"to:the botrom Q'S, the Globe muſt run our 
ofthe Bbx; cirher by mangling the rule N, or by the decliviry 
of the*botrom Q3; Laſtly, the Box or Basker being freed from 
the Globe; is litred 'or raifed- upwards by the weight K, and 
being advanced co PM, takes-in there the-other Globe equal 
ro'the' former; .an& thar- the Clock, or other: engin, may be 
keptin motion while its ler down in-Q-, and raiſed -again in 
M,' we-wilfftew by-and by. 


Problem 
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Problem. IV. 


To convey weights, moving aw Engin up to the upper part, 
after their deſcent to the loweſt part. 


Fig. 127. *Ais may be done many: ways; firſt, by the pery 
us T tual.Scale deſcribed in the preceeding. Rn, 
for if you underſtand'a Toothed- Wheel joyned.te-the Pulley A, 
and firmly adhearing to the ſame Axis, if then this toothed: 
Wheel be moved rogerber with the Pulley A by any ſuper- 
ſtructure, or any other way fromthe power tmpelling the Su- 
pream Wheel, or part of the Engin, and the /motion be made- 
from A towards C, the Globe, or weight D, will be raiſed 
gently from the bottom to the top, whence ir devolves again: 
10 animate the Clock,or other Engin, -by the artfice-explicared: 
in the precedent Problem. | 
Secondly, the Artitice im the ſame third /Probkkm, explicated' 
m-the ſecond place may cafily be applied toithe drawing Sphe- 
rical weights,from the botrom 10- the upper moſt parr. Far 
let there be a toothed Wheel ABC ro which there may 
be others made according as the thing requires; place the 
Pulley D.E on the axis of this Wheel on. which a Rope. being 
pur, let one end of it ſuſtain the Spherical weight ÞP within its. 
Box or Basket, and on the other end hang the Counterpoiſe 
N, a little lighter than the Basker Þ without the Globe, ar 
weight, that from this that may be:taken up. The Peſtle B, 
furniſht wich a lictle wing lays hold on the Snags of the Pulley; 
and derains it againſt the endeavour of the weight Þ. Alſo. 
make a certain dovetail D. F in-the Periphery of ſuch bigneſs, 
that ir may be equal co a quatrant of the Circle, or exceet it, 
in the middle of this make a long ſlit D F, through which the 
common axis D of the Wheel and of the Pulley anay pals; 
moreover make a moving leaver HG FC made frm 7. arg 
where abou: the point G, with which Leaver the forelaid 
doverail is linked in the point F: Then in the point A fix a 
fpar, or bolt A K, furniſht with a prefling wing and movable 
abour the point A, and near this bolt place a Leaver full of 
corriers or nooks K LMN movable in the point M. | 
Theſe things thus diſpoſed, If by the motion of the:'Wheel 
ABC the weight be clevared Jeifurely to the rop of A 
an 
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- and being flipt from the Basker or Box into the groove or 
Channel leading it to the deſigned place for animation of the 
Clock, notwithſtanding the empty basker | will be moved 
by the -power raiſing it, untill it hits againſt the Leaver 
CGH and lifts it up a, little, and the. Leaver being raiſed 
rakes up together with it the dovetail FD : And this Peſtle B 
being ttrercht at length through the whole thickneſs of .the 
Pulley in this part to the dovetail ; in the mean while that the 
end H of the leaver CG H being depreſſed lays hold on the 
bolt AK and detains it, at the ſame time the Peſtle B being 
tifted up without the Snags of the Pulley, the basket P, although 
empty, yet heavier than the counterpoiſe, N will turn the 
Pulley,and it will deſcend to the botrom that there it may again 
receive another. Sphzrical weight to be drawn up in the ſame 
manner. 

For the counterpoilſe either of it ſelf, or by making a certain 
knot in the Rope will raiſe the nooky Leaver N M L, and by 
it withdraw the bolr A K that it detain not any longer the end 
H, which being loofed, the dovetale DF falls off, and then 
the Peftle B being ſent down lays hold on the Jags of the Pulley 
that the atrraQion of the weight may be made again. 

If you fear leſt before the Peſtle B being drove away by the 
Snagged teeth. of the Pulley, and the Pulley with the Basket 
thould begin- ro deſcend before the end H -is laid hold on by 
the bolt AK ; then hang ſo much weight to»the arm GH of 
'the Leaver as ſuffices to raiſe the :doverale with the Pcſtle B; 
'and' that-the weight be.nor raiſed ſooner. than the basker aſ- 
cends: upwards, detain this.'arm GH by a certain crook ' or 
:hook made after the ſame:manner as the hook N H:in the fol- 
lowing Figure. Bur then. in ſtead of the arm FC, the arm 
.MN-will be produced, rhar that being raiſed from the basket 
will withdraw the hook ſuſtaining the endeavour downward 
ofthe end H which is heavieſt; Moreover it will reſtore it to 
irs:former. ſite aſcending with the Impetus of the counter- 
polſe.N SE) IV 2 
:: zAlfo note; that when the Wheel ABC is often turn'd abour 
in-drawing of the weight, and conveys the Peſtle B every 
where with it {elf, that when the atrraRtion is finiſht, the Peſtle 
B will be found in the upper quadrant that is above the 
. dovefalz, which;always certainly happens, if in the Rope or 
.litre:chain of che Pulley. you: make little knots or buttons = 
TELE erat 
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thar purpoſe, according as 'tis ſhewn in the ſecond Prob- 
lem. 

Fig. 130. Thirdly, the ſame Pulley may be freed from its 
Peſtle by another artifice; let the ſame Wheel B tick faſt ro the 
axis C,and the Pulley D movable thus, that it may be moved ro 
and fro by the Axis AC; Then after that the Basket Eis brought 
to its height, it will raiſe in the firſt place the knotty Leaver 
EFG fixt movably in F; and this by the little arm GH drives 
out the. hook H N, whereby the other knotty Leaver ML K 
is ſuſtain'd, ro whoſe arm L K ſo much weight muſt be hung 
as is- Convenient, that the other arm LM laying hold on the 
Tube M Þ, joyned to the hole of the Pulley D, may draw the 
Pulley by the Axis A C towards C, although againſt the ordi- 
nary refiſtance of the force of the Helix CP: And in this 
manner, thoſe jagged teeth of the Pulley are withdrawn from 
the Peſtle B, and the Basket E deſcends with its weight, by 
rurning round the Pulley together freed from the obſtacle of 
the Peſtle ; notwithſtanding in the mean while the little arm 
LM couches it highly, and detains the Tube ending in the 
rundle, in which the conta&t may be facilitated by adhibiting 
the little Wheel, or a turning Cylinder, &c. 

The arrival of the Counterpoiſe will make the Pulley repair 
to its place, for this when the impetus of the knotty Leaver 
M LK, lifts up the end K, it places it in the hook HN; _ 
which being done the pulley is forc'd into its place, by the 
preſſing Hzlix led about the Axis. 

Hence alſo you muſt take care, in making the Peſtle B, that 
it be not let or bore down from its little wing, deeper than 
the inciſſions, or Jags of rhe Pulley. 


Problem. IV. 


To fit an irregular finite, and diſorderly moving power, ſo to 
an Engin, that it ſhall make a well order'd regular, or 


wholly equal motion. 


Ince Regulariry and equality appears in no other motion 
> more than in the Circular, which of its own nature ſeems 
tO require equality ; we ſhall in this place declare thoſe things 
which are for obtaining this equality of motion, which truly 
are of great moment in Engins er in the conſtruftion o- 

thoſ. 
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thoſe” that meaſure time. And of theſe kind of Irregular 
powers ſome are perpetual, or infinite,. and others finite which 
do execute their office to time. We thall treat of rheſe laſt in 
this place, and of the former we ſhall ſay ſomething hereafter; 
heavy things being hung art liberty whether hanging from an 
Engin, or fome Wheel, are called regular powers, becauſe 
whether they are hung high or low, they always obtain equal 
force or moment ; notwithſtanding if they are placed in ſome 
ambit of the ſame Wheel according to a divers fine, andthe ſame 
inclination, they acquire divers moments.as appears from what 
has been ſaid effewhere ; 'but *tis needleſs ro reduce this irre. 
gulariry of weights to regularity, ſince that may eaſily be 
done. 

Therefore irregular Powers which we commonly vſe in the 
conſtruttion and motion of Engins are Springs, thar is, Certain 
chin pieces of mertal in manner of an Hzlix, or wrapt up in 
Spires fuch as are commonly uſed in watches, concerning which 
fomething is ſaid before. 

_ Firſt, the reſiſtance of the faid thin pieces of merttal is leſs in 
the beginning. while they are bent or drawn than in the end, 
and in like manner when they are drawn or bent have greater 
force, and make a greater endeavour to reſtore themſelves in- 
co their firſt ſtation in the beginning of reſtitution or reduRtion 
than in the end, and this force increaſes or decreaſes not uni- 
formly,and with a proportional increaſe to the adduRtive or re- 
duttive motion, bur with another certitn increaſe or progref- 
ſion not as yet Certainly known, of Which in its place. 

Secendly, if the thin piece of metral be bowed or bent into a 
Spire, or larger Spieres, the bending reſiſtskfs, and makes leſs 
force to reduce it ſelf than if ir be bent in leffer Spires ; hence 
ris, that in this ſecond caſe it hath greater force whereby it 
defires to reftore it (elf, bur obrains letler motion. | 

_ Thirdly, Sptings,or the fame thin pieces of mettal being bow- 
ed into a Spire or wreath, may be drawn more violent either - 
in the Centre, or in the Circumtference,' or in both parts to- 
gether ; if.the thin plates conſiſting in the extream which is 
in the Circumference, the plate will be drawn by the wreſting 
of the other, extream being, in the Centre, it reſiſts the draw- 
ing.leſs than if remaining 'centrelly immovable in the extream, 
he place be wreathed about in the Periphery, the xxeaſon is, be- 
cauſe .inthis ſecond calc ir ought nor only to. out go the reſiſt- 
ance 
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ance of bending, bur alfo the other of rubbing, or weaving of 
one volure upon the other, which refiſtance neverthelefs it hath 
by accident. 

Fourthly, Springs are made weaker by degrees by often draw- 
ing them, but they are more weakned it they never reſtore 
themſelves, bur if always, or for a long time, they continue 
drawn or pull'd ; hence they have greater force in the firſt ma- 
king of an Engin, bur leſſer after long uſing them. 

Fifibly, if they remain ſometime free, that is, withour draw- 
ing, they recover ſome of their ſtrength which they had loſt 

cfore. 

Sixthly, fo. Helmont in his Book entituled Med. Phyſic. de tem- 
pore, Nizmr. 50. affirms, That the ſaid Sprivgs of Clocks or Watr- 
ches are wont to be more ſtrong, or ſtubborn, when the North 
wind blows, which notwithſtanding is not as yet well known 
to: me, neither doth the cauſe of this Phznomena ealily appear, 
unleſs you'll ſay frem Cold, which is wont to be more rigid 
when the Wind is Northward. 

Thefe things being nored, the irregular force of Springs may 
be reduced' to uniformity divers ways : Firſt, when theſe thin 
m_ of Metral are wont to be made every where of rhe ſame 

readth and thickneſs, they exert their force unequally in the 
beginning and in the end ; if the parts near the Centre be 
made thicker than the other, or broader with a due propor- 
tion, and then the drawing to, or lapping up being made in 
the Centre, the reſiſtance will be equal and uniform in the 
whole drawing, or wreathing, and conſequently they will 
make the force equal in their whole reſtitution, until they 
come to their firſt ſtate, or condition ; moreover on the Con- 
frary, if they are made thicker in the parts neareſt the circum- 
ference, and then the drawing be made in the circumference, 
from the. oppoſite reaſon there will be an inequality of force 
t2 compenſate or amend that unequal thickneſs or breadth of 
the thin plate; notwithſtanding this way, whereby the inequa- 
lity of this thickneſs compenſates, the inequality of force is nor 
uſed, perhaps becauſe 'ris more laborious, and neither is it ea- 
ſy to find the proportion, whereby the thickneſs ought to- be 
increafed gradually ; yet if it were reduced into practice, it 
would be tar more uſeful and certain than the other. 

The ſecond way more obvious, and uſed in regulating the 
Springs in ancient Watches, is, by an unequal prethun of 

: - 
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the ſtronget part of the Spring, and that is made in a Certain 
_—_ Orb like the figure of an heart, for this Orb when 
the ſpiral plate makes leſs force, is alſo leſs preſſed from the 
other place, or hindering wing ; bur when it exerts greater 
force in like manner that force is abated, ſo- that 'ris reduced 
ro a Certain quality ; alfo this way is ſcarcely uſed now among 
modern Artiſts, when notwithſtanding 'tis leſs laborious, and, 
as Expzrience teaches, oft-times more uſeful than others ; per- 
haps 'tis deſpiſed becauſe 'ris more ſimple, to deter others from 
inquiring into an Art which is more ſubtil, which they would 
do, if it were eaſter and ſimple. , 

Fig. 131. Thethird way, which isat this time moſt in uſe is, a 
Hzlyx of Steel included in the Cylinder A B ( D, movable about 
the durableaxis E F ; this axis paſles by the centre of the Hzlix, 
and detains its central end firmly, and leſt ir ſhould. be turn'd 
abour rogether with the Spire or Wreath and Cylinder, tis hin- 
dred by a jagged wheel G H, firmly put into an axis, and a lit- , 
tle bolt or peſtle HI, which ſtrives againſt the Jags of the 
Wheel : To the fide of the Cylinder a Cone is made, or ſome 
other ſuch body ſharpned at top like ro a Top C K. M, movable 
about the axis L M, the Periphery of this top is made in the 
manner of a Screw, with channellings or cavities made round 
it to receive a chord or chain, one end whereof is faſtned in 
the point of the Cone K, and wound about the Cylinder, the 
other end of the chord is faſtned ro the Cylinder in D ; theſe 
chings thus conſtitured, the inequality of the reſiſtance of the 
ſteel fpires, or wreaths, drawing irregularly is made fit or meet 
by the deformity of the top, which where the reſiſtance of 
the ſpire or wreath is leaſt, the greater Periphery being turn'd: 
receives the chord, whereby the Cylinder is drawn abour, car- 
rying about the included end of the ſpire or wreath fixt to the 
Cylinder ; and where the force and refiſtance of the thin plate 
is tronger, the chord ering then in the ſharpned or leller part 
of the top or cone, eaſily fuſtuins char greater force by letkr 
Giſtances from the centre or axis, and by allaying it, tem- 

EIS IT. 
ſ You ſce then the whole perfe&tion of Clocks, or Watches, 
which confilts in uniform motion, or equality, depends: 
on the framing the forefaid cone or top ; which I defire Ar- 
tilts diligently to obſerve, and to take great care in the mak- 
ing of u, that the moving force of the ſpiral thin plate be Fae 
re 
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dred every where equally valid ; neither is it ſufficient, as 
they are wont, (0 Ly It by hearkning to ir whether the ſound 
be ſharper or graver in the ſwifteſt motion of the jagged lit- 
tle wheel GH, ſince *tis not eaſy to diſtinguiſh the leaft dif. 
ference of ſound ; wherefore 'tis rather to be done ſome other 
way, and Father Schctrus propoſes rwo, the firſt is by weigh- 
ing, viz. by a weight hung on a long arm leading the Cone 
about, for if which way ſoever the Cone be turn'd abour, 
the ſame weight endeavours equally 2gainſt the adduction or 
reduion of the Spire, the Cone or Top will be perfeR. 

Fig. 131. The ſecond way is meaſuring by time, for, ſays 
he, the little Wheels being fer at liberty in a ſwift and free 
motion ; take ſome very ſhort Pendulum, and by its. vibra- 
brations examin the circumvolutions of the lower Wheels, 
for if the circumvolutions of each wheet be in equal ſpace of 
time, it argues thar the cone or top is perfet : In the ſame 
manner, the circumvolutions or turnings round of the jagged 
fittle Wheel G H may be examined by a Pendulum, to wit, 
whether they are made in equal time, notwithſtanding if there. 
be added weight to the foreſaid httle wheel the motion is 
rendred more {low. 


Problem. VT. 


To mend the unequal motion of Clocks, or other Engins, by 
applying a Pendulum. 


He chief fault in Clocks, and all Engins rhar meafure time, 

is the irregularity of motion, for no kind of Clocks to 

this very day is found, whoſe morion is ſo equal or uniform, 

that it errs not at leaſt a minute from the true meaſure of time, 

in one day or 24 hours, although it hath been the ſtudy and 

endeavqur of many ingenious men; in the firſt place, we are in- 

debted to Mathew Campanec to this end, that by the accurate 

meaſure of time Geographers may obtain the knowledge of 

Longitude, and what proficiency they have made in it, you will 
underſtand by what follows. 

Truly 'tis doubred whether any man can by application of a 
Pendulum, compleatly perfetrhe Intle jagged Wheels of Clocks, 
and take away their inequality ; therefore rhe Author of that 
famaus Invention, delcives to be followed and praifed. 


190 Mechanick Powers. Book IN 


of all Men ; and ſince there are divers ways of application in 
this kind, ſome whereof we have deſcribed juſt before, it re- 
mains that we reckon up ſome others in this place, either more 
ingenious, or alſo more uſeful. . 

Fig. 132. Lettherebe a Pendulum I L, with a wire fixt rq 
the Axis C D, which reſts on the two poles C and D, and in 
che middle part of its Axis, faſten here and there two. little 
wings, .or thin plates of mettal, extended. according to the 
length of the Axis, or in an Horizontal fite, above this Axis ler 
the upper wheel of the Clock A B be turn'd, being, made by 
a peculiar art ; to wit, let it be made in form of a Zone, with 
a double row of Teeth diſpoſed to the end of the Zone in ſuch 
2 double order, that when the Teeth, or little Keys. that ſtand 
our, being conſiderably diſtant from one another, each tooth 
of one raw, anſwer to the middle ſpace of teeth of the other 
row ; for ſo by turns they will hit againſt. the aforeſaid two 
wings, to wit, one tooth. ar. little key of the row towards the 
right hand, on the righ wing, and the other row. on the left 
hand; on the left, wing ;. again, the othcr on the right, on the 
right wing, from whence are made the Alrern Vibrations of the 
Pendulum. If then each of the two rows conſiſts of ten teeth, 
in all they will make rwentry ; and- the Pendulum muſt be of 
fuch length, that each compoſed Vibration anſwers one ſecond 
of time; there-may-be fitted on-the lame Axis of- the. wheel the 
Tympane F with {1x teeth, which will be moved by the wheel 
G H of 36 teeth, for this will abſolve one circuit in the ſpace 
of a Mine. ;.. fo that; an-Index. faſtned to its Axis, may nate 
every ſecond in a circle divided. into 60 equal parts; and be- 
neath-the Wheel G H, another may be fitted, which may be 
rurn'd-abourt inthe ſpace of. an hour, and its Index may ſhew 
the, minutes, moreaver another which may ſhew the Hours, 


C 
Bur. ſomething offers, it ſelf worch our nating ip the appli- 
cation of; Pendplums to Clocks ;, in the firſt place, it a weight. 
doubley or.tripley, greater be hanged to a. Clock, it is nor the 
reaſon off moving it notably ſwifter, ar the. cauſe. of making. 
the-hours. viſibly. ſhorter, becauſe in this caſe the Pendulum 1s 
faxced more; vehemently, ; and; therefore makes greater arches 
iD, its Vibratians ;_ it ſeems that ir. Qught to move more ſlowly, 
and.ro make. the hours longer, if it be true that is faid in the 
Book of Pendulums, that the Vibrations which are made in a 
greater 
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greater arch from the ſame Pendulum are longeſt ; bur expe- 
rience tells us, that the Hours are fomewhar ſhorter if weights 
are hung: much: greater, and the reaſon is, becauſc the wheel 
which is called Serpentine, or the wheel meeting with the 
beam of the Ballance by way doth not permit each Vibration 
wo run through the whole Arch which they would run through, 
and therefore cuts them off a licthe ſhorter. 

Secondly, For this reaſon Pendulums ought to be a fmall mar- 
cer longer than if they were altogether art liberty, leaſt each' of 
their vibrations be made in a ſhorter time than is meer. 

Thirdly, You ought not to ufe a ſtring or little chain, be- 
cauſe they will bend, but a wire, or in greater Pendulums, a: 
rod of Iron, or other Merral. 
 Fourthly, Since in theſe kind of Clocks the augmenting or 
decreaſing. of weights ſignifies little to the fwiftneſs or lowneſs. 
of motion, but the ſwiftneſs or lownefs depends almoſt wholly 
on the length or ſhortneſs .of the Pendulum; therefore that 
Clock may be reduced to the juſt meaſures of Hours, the Globe, 
or Ball, ought to be fixed tothe lower end of the Rod, in ſuch 
manner, that it may be raiſed or depreſſed, and that may be 
done if there be a ſcrew made on the end of the Rod, which is. 
engrafted to the Globe more or leſs, and: binds it very well. 
that it ſlide-not down, which inconveniency may be-prevented 
by another concave Screw P, which keeps the Globe aways in 
the ſame place. 

Fifthly, "Tis better to hang a heavier weight to a Clock, or 
make uſe of a ſtronger Spring, and to:apply a Pendulum a lit- 
tle the longer. 

Sixthly, The Vibrations ought not to be too great, -but the 
Pendulum ought to ſwing backward and forward to the height 
of 30 or 40 degrees in its arch. : 

Seventhly, Clocks made with Pendulums, require much grea- 
ter-weight or ſtronger Springs than others, which are regula- 
ied by the ordinary ſimple poiſers, ſo that ſomerimes a tripe 
weight is required to it, than is required to a Clock without a 
Pendulum ; nevertheleſs for divers reaſons, according to the 
manner or faſhion, a Pendulum may be fitted, ir may require 
more or ks weight in the precedent artifice, unleſs the lirtle 
wings of the Axis C D be made long, it will require -a 1great 
weight ; as appears from the principles of Mechanicks. - 


Eighthly, 
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Eighthly, Greater Clocks which are furniſht with greater 
Pendulums, in like manner require weights in the ſame pro- 
portion, or alſo in a greater than the times of the Vibrations 
have, or which is the ſame, in ſubduplicate proportioh of the 
lengths of the Pendulums; for Example, leta Ciock havea pen- 
dulum of 36 inches, or 3 feet, which makes each Vibration in 
one ſecond, and another with a pendulum of 9 inches, which 
abſolves the vibrations in half a ſecond, fo that in- one hour 
that makes 3600 vibrations, and this makes 5200 ; ſince the 
pendulum ot the firſt Clock is quadruple of the other, to agi- 
tate it, is required a quadruple force or weight; becauſe it 
ought to move but doubly flower, alſo the Serpentine wheel, 
or that which incites the pendulum, muſt be moyed doubly 
ſlower, and therefore the weight hung to the lower wheel will 
have a double weight, therefore a double weight ſuffices ro move 
a pendulum ct quadruple length through like Arches; for a 
double weight, 'if it have over and above a double poiſe of a-. 
nother weight, is equivalent to a quadruple weight. 

Fig. 133. Notwithſtanding *ris to be Noted, if the longer 
| pendulum be inforced in a point proportionally di- 

ſtant from the centre of the pendulum, a weight as little again 
will ſuffice ro move the long pendulum, as it the pendulum A 
C, receive an'impulſe from the upper wheel in the point B, and 
anather longer pendulum D F, receive an impullc in the point 
E, and let the proportion be the ſame of AC to DB as of D 
F to DE, a weight doubly lefſer is required to move the 
longer, pendulum than' ro move the ſhorter pendulum ; for if 
the diſpoſition of the wheels be the ſame, or the velocity the 
{ame as the upper wheel, an equal weight is required as ap- 
pears, bur in a longer pendulum the upper wheel is moved 
doubly ſlower, and ſo the weight hung to the Clock hath a 
double poiſe, therefore a weight doubly leſs ſuffices. Bur if 
. .the pendulum 'D F be impelled:in G, fo that D G be a mean 
proportional: berween. A B and D E, than an equal weight in 
; each Clock is required, and' only double the weight is requir- 
ed in the Clock of the pendulum D F, when the pendulum is 
incited in the point H, ſo that D H be equal to A B, and the 
Globes C and F areſuppoted of equal weight, but if the weights 


: are. unequal, then their proportion ought ro be had, which 
may vary diverlly. 


Problem. 
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Problem. VII. 
Another way of fitting a Pendulum to a Check, 


Fig. 134- Ere we will deſcribe the way moſt in uſe of fir- 
i + ting Pendulums to Clocks, the ſerpentine or 
encountring wheel, muſt be placed in an Horizontal fite, and 
the beam of the Ballance alſo ſtrercht our Horizontally on the 
ſame ; the wheel furniſhc with jagged teeth, muſt have its num- 
ber unequal to: this, that two little flaps, or wings, of the Beam 
of the Ballance, may lay hold on the teeth by turns, according 
to the uſual manner, which little wings ought therefore fo to 
be joined to the beam of the Ballance, that their planes make 
a right angle, and the Axis of the beam ought to be extended 
preciſely rhrough the centre of the-Wheel ; but becauſe if the 
Pendulum be immediately join'd ,to the beam of the ballance, 
its weight will burden it too- much,therefore a handle is added 
to the beam, boared through in. the extream point, ro which 
hole is fixt a rod hanging at liberty. that it may eaſily agitate. 
But you muſt t 
middle fite between each little wing of the beam of the Bal- 
lance, leſt one vibration of the avs, kein be greater than ano- 
ther, and make the motion very incongruous and lame; inthe 
reſt obſerve the precepts already delivered ; ſome fix a Globe 
unmoveable on the end. withour any Screw, moving the cen. 
tre of the, Spear or Wire, they raiſe it or depreſs 1t to reduce 
the vibrations to the exat meaſure of time, tor when the cen- 
tre is raiſed, the pendulum runs through a lefler arch, and 
ſooner diſpatches each vibration, ſpecially becauſe 'tis reſiſted 
by a leſſer impulſe, and it makes the vibration ſlower, if ir be 
depreſt for the contrary reaſons ; yer you muſt take care thar 
the centre be not beneath the axis, nor thar it be elevated much 
above it; laſtly, the length of the little arms are determined 
by praCtice, and by the wheels. 


Cc Problem 


e Care that the lower little arm poſlefs a ' 
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To amend 'the Irregularity of aH Clocks (and © Fagins, mea- 
ſuring time otherwiſe than by the manner of Pendulums. 


T Know:ſome have not been wanting, who' are willing to a- 
dopt Pendulums ro watches, or 'portables Clocks, neverthe- 
leſs they laboured in vain ; for the ſmallneſs of the Warches, 
and the diverſity of their Sciruarions, ' with the continual agji- 
ration of cthe,pendulums, while they ate 'carriedabour, cannor 
eafily admir them to vibrate uniformly”; atid although rhe pen- 
dulum may. be ſo ficted, that 'being librated berween many 
circles-or rings, after the- manner - of a Sea Needle, it may al- 
ways obtain a perpendicular fire; however the agitation of the 
whole watch: will make the vibrations'of the pendulum to run 
ſometimes in 'this, ſometimes in the other part, hindering theit 
equality alrogether, beſides that, the ſpace" which the beam re- 
quires, is much 'igrearer than the thaghirade of Watches will 
conveniently admit ; wherefore perchance'more patly,the whole 
watch with its \pendulum appled to ir after 'one of the 'forefaid 
preſcriprions, 'may be 'htng within 4 or 4 little circles, which 
may ealily be included in a Sph#rical cafe of the Watch. 
_ Since therefore: the application 'of Pendulums tro thefe kind 
of Watches, or other portable Engihs, are'either 'uſcleſs or al- 
cogether difficult, 'the' tHaſtrious'Hrgerius' (' for his new Inven- 
rion, now known'to all the World ) harch "found our anorher 
way, which I' could not 'pafs by' in this place, ir being very 
proficable and ingenious, therefore accept it as taken from Let- 
rers of the ſame Author. | 

The Miſtery of the Invention conſiſts ih a thin plate of met- 
ral or ſpiral creſt, having' faſthed to it kr the lower end a Cats- 
gnr String, or an Inftrument-of an equal weighr, bur greater 
and more -ponderous than is'wont, and movable of its own. 
accord ro ard tro upon its points ; andthe other end is faſt- 
ned to a hitle part or covert ſticking up above the upper part 
of the Clock, which being once vibrated ro the tongue of the 
Ballance of che Clock, compreilcs and releaſes its fpires one af- 
ter another, and drawing co it ſelf a little help coming from 
the wheels of the clock, maintains the morion of the Infiru- 
ment or Ballance fo truly, that although it makes greater & 
leller 
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leſſer digreſſions, its reciprgcations nevertheleſs throughout are 


equal in time one tO artorhter. : 
Fig. 134». In che, figure of the former Cloc] 
A B* the circle of the Baffalite, of compaſs 'abour the rongue 


to the.axis or ſpear F 
25 much maintain'd as 


: the" fifth' problem,” ro 
wit, if the little keys C, D, G, H, &«. by turns, 'or one afrer 


there fixr to the ſame ſpear or lane; for fince this ſpear ought 
to be much thicker and ſtronger an comimmonly-chey atewots 


$R,' by reaſon of the ſpire 'G H cndeavouring' againſt it, the 


GES Problem 


| Problem. IX. OO . 
"4 Clock that makes no Noiſe and) et bath a : Pebililiom, , : 


Fig. I 36.FT wit not be unpleafant in. this place to deſcribe 2 
kind of a which we found in Father Mili- 
e's: third Book of Starics, or art:of Mlancing, Prop, 59 Where 


he hath theſe r 

. Fhis ay x 2; 0 or. warch, Is, moſe- uſefull, becauſe no. 
found. the Poſer is eark 06 therefore may be yied ulcd in 2 
Bed-room: without fear of diſturbing ones refl.. 

The I Soecle hath had. many of this kind made, and the 
AE Was. rat oy Es as wheels, and-one axis. 


ite we ; wich oe Teeth, and dipatchs 
ta cirolaion in þ OUF. 
... The | i iy ns axis 72 lie Teeth, mn in the Cir 


600 beion in an 
LOUT,:; . dg every ciuaon Tae 60 Rona compounded vi- 
a onety one 3609: © vibrations, and. 7200: 
J vibration is equal to. a ſecond: 
| e one tO half a ſecond minute, the length. 
of t] ne anda was. 9 inches. 
The whole Artifice Cont 3 in hieaxis BC, and in the han- 
fe of the penduluny HL K,. which. may b= turned, about the: 
as abour an, "and 1 the.point K was. ingrafted ip: 
; point, 6. of the axis, with :rings, Which axis while- 
jel inforces the arm EY anddraws it it inby turns.;. which 
94 may eahily conceive, ib the arm. K.I be at. right angles with: 
the axis B C, and beingrafted. in the point 6; the reſt may bet- 
tex be conceived if the thing be pur intg Execution, than. can. 
he expreſt in. words. | 


Problem; 
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To determine the number of Teeth and Wheels in Clocks. 
which have Pendulums.. 


> praQice ought not wholly to be neglefed, which is 
; molt uſefubin direQing Artificers, eſpecially (ince it alſo. 
contains. a method. of beginning, and, reckoning the number. 
of vibrations and circulations of wheels, which 1s. very. neceſ-. 
fary in the conſcruCtion of all other Engins. 

The foreſaid Author began theſe reckonings, together with. 
the foreſaid method in divers.forms of Clocks, beginning from 
a Clock which conſiſted of two wheels. only ; for although it 
is difhcult to fit that pendulum, nevertheleſs if it be accompliſh 
it will be very exaE&, fince the meeting of. many wheels induce 
always a greater inequality in. motion. | 

- Fig. +37. In the firſt phce therefore ( faith he ) kt there. 
be two-wheels, the firſt or lower of 120 teeth, which is ſup- 
poſed to finiſh two circulations in hour, wherefore it will be 
equivalent co a wheel of 240 teeth : The ſecond wheel hath a 
| little wheeh of 5 teeth, wherefore [while they paſs. through. 5 

of the tecth'of the greater wheel, the ſecond fi cs. One Cir- 
culation, therefore you muſt know how many times 5 is found 

m 240, which you will know by Diviſion, and the quotient 

will be 48, whexefare the ſecond wheel makes 48 circumyoln 
tions in one hour: And it appears, that the ſecond wheel of 
35 teeth, each of which clfects two: ſingle vibrations, fince it 
touches the. poiſer rwice: ; , wherefore each circulation makes. 
70 Vibrations, multiply 70 by 48 and you will find 3360 fingle 
vibrations in an hour, the Pendulum will be Feet 34, and ſome- 
what more. | | 
Fig. 1 Fe I wil propofe another not unlike the precedent : 
Let the e wheel have 120 teeth which will make two cig- 
.culations in an hour, and therefore will be equivalent to a 
wheel of _ teeth : The fecond little wheel ſhalt have teeth, 
divide 240 by 6 and the quotient will be 40, the ſecond wheel 
-then will be curn'd round 4o times in an hour, and ſhall have 
45 teeth ; and becauſe, as I ſaid but now, each tooth touches 
the poiſer twice in each circulation, this number will be _ 
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Id ard will wake 90, which number multiply by 4o, and 
you will have 3600 ſingle vibrations in an hour, that is, each 
ſingle vibration, will be equal to a ſecord minute ; the length 
= Pendulum muſt be 3 feer 3 inches and +3: of our Englith 
cer. | 
Or'if inſtead of the 6 teeth of -the little wheel you put the 
reeth'of 'the lictle wheel 5, for then 'the ſecond * wheel com- 
$48 Circulations in an hour, and there will /be 4320 wi- 
rations' in an-hour, the length of the Pendulm will be abour 
4, ee ln a mu E's 
In the like manner, if there be given the firſt wheel making; 
two Circulations in an hour, and 'of 150 teeth ; the ſecond 
% 87; wheel, or that which encounters with it, ſhall: 
Fig. 139. have'a little wheel of 5 teeth : Wherefore the di- - 
- +14 viſion being made of 300 teeth which are in'itwa' 
circulations /) by 5, it will make 60 CGrculations :'Suppuſe-65 
reeth inthe ſecond wheel, that'is, 120 vibrations--in_each cir= 
&ilation, it will 'make rhe number 7200, and the- Pendulum 
abonr 9 inches, that is, each ſingle vibration - will be equiva- 
lent to' half a ſecond minute. (1 1 
- The ſame things being obſerved, except that the firſt wheel 
corhpledts only one Circulatioti in an hour, -you will have-the 
niimber'of vibrations 3602, and 'the' Pendulam will'be 3 fear, 
thar is, each vibration will be equal r6 one ſecond minure: ;./:- 
: Which Eegles I have put only, becauſe' you may. learn 
the merhod of. finding our other numbers,' which ſhall ſeem 
more fit. 3 ; x Lf 1” 12% 14 L122 A «#367 $140 t 27310007 
9900 1012272 4 Clock with three Wheel, © 1992 46 
'; You can ſcarcely make; Clocks' with 'Pendulums-which' hall 


- 
( o 
_ 


Ca 

have only two wheels, unleſs you niake rhe- Wheels very 
great, "and abundance of reeth : ' Wherefore 'the'' grearer' tare 
commonly made. of three Wheels, and the cer of four: 1ſhall 
fo OS, - «+ in:this place fome numbers : A Clock hath 
Pig. 444.” . 3, Whiedls, che'firſt of which hath 1 14 teeth; wall © 
oY of pond ect little wheel7, the fecbnd' wheel hath 


*66-\he little" 


*£Ch Hour IF once turn'd* about p by 7, ro wit, theaxisof the 
apes you will-find the fecond to” be rarn'd abour'es. 
es z and the ſecond hath 6o teeth, wherefore multiply Fo. 

y 
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3 by 60 and you will find 950, therefore it paſſes over 950 teeth of 


Ia”; 


+ 


If: 


£ 
$ 
DO. 
. 
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: 
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yak PIE. FT | 


1 theels. | lutions. | wheels. _whe 
Þ» MEM | 44+. | 25 144 | 25 pc 


Woneh of Pendulum 9 inches. Pand. 9 inches. > inches.” 


 ,/ hci 


the ſecond in an hour, which number you muſt divide by 8, the: 


axis of the third, and you will find the third ro make 120 cir- 


cumvolutions, and it hath «5 teeth which make 3o ſingle vi- 
brarions, multiply 30 by 129 you will have 3800 lingle vibra- 
ions, and each equivalent to 4 ſecond minute, the length of 


” the Pendulum mult be about thtee feer. 


he ſame is better done by other numbers : Ler the firſt have 
9s t eh, the axis of the ſecond b, the ſecond 45, the axis. of the. 
third 6, the third, 15, and this. length of 3; feer- is; beſt for : 


1 gr Clocks. | 
= _. The z following. numbers give the number '72c0. vibrati- 
ens in an hour, that is, z vibrations in one ſecond minure, to 


ic, the going and: rerurning, and the tengrh-of rhe Pendulum 


"I" £ 


| Gy 
4 — 


_ - © Vibrations 5200. Vibrations. 7200. 
der of, Lircumvo= Teet ircum- | Teeth ot || Circum-| Teeth of | 
volutions| wheels. | |volutions\- wheels. /| 


2 | 43 || 50 
aff >» 2% & 12 6 5 C. 


+ LL 1 | 72 32 '|. 


© tions 7600- and 10000, With the Length of the Pendulum 
8 inches and 4. inches and 3. 4, . 


=. Vibrations 7600. 


Circumvo'| Feeth | Circum-| Teech || Circum- 
'Jations. ! volution olution 


200 | 200 19 mee 
| ; 7s 5 


"_ 


| W-50 
6" ft 7 


A. 


een Peers mon — 


1 E-4 60 1 [75 þ 


i $i 4 


© Leoget(of Pendulum 8 inches. | Pend. 8 inches. © Pend;'4 inches'+” 
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The following Numbers are for a Clock, which makes 10800 
Vibrations in an hour, or z in one ſecond minure, the length 
of the Pendulum 4 inches and +, and others alſo, as may be 
ſeen in the ſoilowing Table. 


| r0800[ 10800 || 1440 | 11400 || 11400 10944 | 9600 | 
216 [25|[216 |251]288 [25||300 19} [300 19 283 '2 320 ts, 
£ 5 | | 19; 15 
[224 28] 18 j601/28% |50[] 30 [5of| 25 j6oj| 24 60 26+ [60 
: 6 5 5 6 6 6 

$[! | 
Sommer ew megan = EEE ran erent — — — DE _—_—_—_—_ | ————moonnpa c———_—_—_ 
| 15 76ll TY 2 I-92 2 95] 2 bos| 2 7:1! 2 [80 


The following Numbers are for a Clock with 4 Wheels, the 
number of Vibrations in an hour are-10800, to wit, 3 Vibra- 
tions anſwer one ſecond minute, the length of the Pendulum 
is about 4 inches 5. 


10800 {|| 10800 _ 10800 | 10800 | © 
360 | 15 || 360 | 15 360 | 15 360 | I5 
6 - £14 6 6 
60 | 36 || 60. | 3s {|-60 |-36 || 60] 36 
6 6 0 : 6 
75 | 48 9 40 Go 45 8 45 
8 6 8 ; 
(rr. |.Go || x 54 | SHE Re 10 ON HEE. 


. Theſe Tables were made by the foreſaid - Author, wherein 
. the Printer had committed ſome Errors which we have amen- 
; dedy chat they may be uſeful to Artificers. - | 
_-— If in the laſt Table you rake the numbers propoſed, chang- -- 
- © ing only the number 15 of tecth of the - upper wheel, and in- —-- 
- ts place uling a wheel of 20 teeth, you will. have a. Clock 


>, 


which * 
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which! will 'compleat 14456 Vibrations' in'an hour, to Wit, .4 
in' ove fecond wir Had the Ikngrh ofthe pendulum will. be 
Inches 2/< ; nevertheleſs becauſe many Artificers will have the 
meeting wheel to have.an odd number of teeth, they obſerve 
the precedent' numbers, to wit, fo; that only the faſt wheel bur 
one which finiſties 69 Circntations nan hour hath 49 reeth'ir< 
feat" of '36 teeth, and. makes 'the ſame nuthber 'of ' Vibr:- 

Wheels are divided many other ways, and the' Clocks are 
commonly furniſhe 'with Pendulums ; fome are fo diſpoſed, 
that the f{crpentine, or enconntritg Wheel, is rurn'd round Co 
rimes in an hour, and*is farniſhr with 69 recth, and finiſhes rv © 
vibrations in' one ſecond! 'miniite'; or hath '30/teeth, ” and fi i- 
ſhes one vibrarion in'a"minure, 'then the number 'of the reeth 
theinfelves inſcribe- the ' tninutes - which appear ' confpicuous 
through a round hole, or through a little opening made in 
the front of the Clock. | | - 


Ii Problem. XI, | #121! >! 7 
To corrett perfettly the inequality of motion of Cloths, or other 
Engins that meaſure time, having Pendulums, by apply- 


x 


ing a double Pendulum, and by Cychoides. þ 


A Lthoitigha> Pendulum” applied to; a Clock ( as we have 
:D X- faid*) effe&s this, that if the impulliye cauſe of motion 
of the-wheek be-too fwifr,' or top flow; its vibrations tempers 
it, each of - which” when they mexfiire a nn rope time, ei- 
ther they-agree £6 rhe too much celerity * of the whetls,. or 
they ſtir vp and excite their heavineſs and dulnefs, whence for 
the maſt part the irregularity is taken away ; notwithſtanding 
becauſe while the'Pendulam reſiſts the unequal! impulfes of 
.the wheels; their vibrations 'muſt needs contract ſome irregu- 
lariry:to themſctves, ſo that ſome make their excurfions rhro' 
:greater'and-'orhers thro' leſſer arches ; and ir appears by whar 
has been ſaid, that thoſe Pendulums finith their arches in ſhor- 
ter time which make the leaft arches, and thoſe in longer 
which make greater or larger arches: Hence 'tjs, that by p- 
plication of a Pendulum all the regularity is rot wholly cor- 
xeCted, unleſs the Clock be ſo fitted that the vibrations be tru- 
1y regular and uniform. | | | 


D And 
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And this irregularicy. of Vibratipns may. proceed. from a 
threefold head; Sic fk is, the various temper of the air thro! 
which the globe paſſes, for if it be thick ic reſiſts more, if hea- 
vier, the motion # OT DAY conſequently hindred by the grea- 
ter denſity, but alſo, the weight of the Blob is, rendred leſs 
ponderous, that: therefore they ; have eſs ſtrength ro cur the 
air,-and it renders the; motion of the wheels and the. Imperac 
"more faint and weak. The ſecond is, the impullive force of 
the wheels, or other power, conLinuing. the vibrations, which 
if it be irregular, induces in like manner art leaſt ſome, if not 
all, the Irregularity in the-vibrations, and theſe two heads may 
be referred to, outward cauſes... The thixd is. from within, or 
from the nature of the. vibrations. chemſelves, which are, as 
we have ſaid, that if a globe fall by ics own weight, in ſwing- 
ing it will make many vibrations, yet they will nor all. be of a 
like continuance. 

The irregulariry of Vibrations which proceed from the firſt 
head may wholly be taken away, if the Clock with the Pen- 
dulum be included in z caſe of gjaſs,' or ſuch like receptacle, 
wholly unpaſſable to the air ( which how ro perform we ſhall 
ſhew hereafter ). wherefore it remains: that we- ſpeak to the 
1wo other, | | 

To the Trregularicy of the third head, which is as it were 
inbred in the f1mple vibrations themſelves, a remedy ſeems to- 
be found by the induſtrious: Hugerius by the following inge- 
nious practice, the; whole Art confilts mn, a double arch of the 
fgure of a Cycloid, within which the Pendulum agitares. 

Fig. 14.t. Let the Pendulum be; A B,. which is agirated to- 
and fro by indifferent arches:B C, B D of 20 degrees, ard let 
this Pendulum hang; by a: thred or ſmall cord A E of one inch 
more or leſs, according to the length. of the Pendulum, whoſe 
remaining part E B muſt be ſtiff; diſpoſe here and there near , 
the centre A two. bowed thin plates.uf mettal AG H andAFI, 
fo that they touch the lines A D, A'C, in the points F and G, 
and. the curvity onght co have the figure ofa Cycloid:; ſo it wilt 
come to pals. that if the Pendulum make greater vibrations, and 
rans out. beyound the lines A C. A D, it willrouch the Cycloid 
mn the points: F agd G, and its length willnotany longer be A D 
but F D,. and. ſo when. the Pendulum is 'made ſharcer, its. vi- 
brarion continues leſs time: Bur why the Author choſe rather 
the figure of a Cycloid than anovther Curve doth not ſufficient- 


ly 


- 
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I appear, nor doth his Demonſtration ſeem to be lawful, 


whereby he- pretends to ſhew by this Cycloid that the length 
of the: Pendulum is made leffer and leffer ſucceſſively, while 


 ir-hits againſt-che thred AE, and that that leſſer lengrh preciſe. 


ly compenſates the greater length of time of the vibratiors 
which are made by the greater arches. | 

\ The manner of deſcribing the Cycloid,according to the Au- 
thor, is two fold : Firſt, deſcribe a Circle whoſe diameter A B 
is'equal to half che-length of the given Pendulum; take in the 
circumference any number of equal parts both ways from the + 
diameter as AC, CD, DE,-EF, and AG, GH, HI, I K, and 
join the parallel lines CG, DH, EI, F K, then make the righe 
line LM equal co the Curve or 'arch A D F, and divide it in- 
to as many equal parts as there are in the arch, co wit,” into 4 
parts, 'one of theſe parts of the line L M transfer from-C:ro N, 
and: the ſame transfer ifrom 'G tro O ; moreover two of theſe 
parts L M transfer from D in Þ, and from H' in Q; likewiſe 
three of them from E in R, and from I in; Laſtly, all four 
from Fin T, and from K in V, and by the points A,Q,Q, 
$, V-draw a'line, and alſo by the points A; N, PR, T; an 
they will be portions of a Cycloid, between which the Peridu- 
lum muſt: be. hung from the Centre A; the rightlineL'M 
which is to be equal ro the arch A DF, he teaches to find in 
chis manner : Make X Z equal to two chords, fubtending the 
arches A D, -D F, then take X Y equal co the Chord AF, of the 
whole arch A D F, take the third part of the difference Y Z, 
thar:isZ A; and add itto XZ, and X A' will be a right line' e- 
qual to'the-arch. - | 1 EOnTy 

; The ſecond way is Mechanically ; on a plain Table, place a 
Ruler A B half an inch in thickneſs, ; make alſo a little wheel or 
cylinder. of the ſame thinkneſs CDE'H, whoſe Diameter make 
equal co half thelengrh of the pendulum ; then a thred-or ſtrirg 
FC HE being faſtncd in the'point F of the rule, and in fome 
point E- of the Cylinder, ſo thar part of it be-wound-about tf & 


. Cylinder, and che-other part extended onthe fide of- the rule 


FC; in the ſame Cylinder fix an iron ſtile D1, 'which- ſhall 


_ © deſcend a little below the lower baſe, and exatly correſpond 
to the circumference of the Cylinder; theſe things thus dif. 


poſed, if the Cylinder turn about on the fide -B A, rowards A, 
ſo that the ſtring be always wholly ſtrechr, the ſtile with irs 
point I, will deſcribe the cycloid line I K, and-in the ſame 
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manner; you may deſcribe/another like and, oppoſt:; unto it, 


nd. you- wilt have the figure M K; Ig1which repreſcnes the ſpace 
tween the two (crooked; pieces of thin mertal, beeween-which 
the-pendulum'oughr t9'agitate, 1 as-t0. make. all its: vibratibns 


in-equal times. | 391. 29789% | 
Another late invention, of Mathew Campeee! confiſts aloge- 
ther like co a double Peadhlum, which: is fo. fitted to:the Clock, 
that one of them movenand makes aicoutgin number of. vibrd; 
tions, the other. reſting, and: by tyzns: while the: firſt refteth the 
other finiſhes the/ſame number of vibrations ; andimn this man- 
ner, *tis/agirated by one after torher,” thar as-ſoon as: one 'reſt- 
eth, the: other begins ro move; for if' a pendulum of ics own 
accord. andiproper weight falling from ſome certain height of 
irs arch, make 190. vibrations-inyhe';pace.of- done minute of an 
hour; 3tis-certamn- that /anothar-exattly: like the former will e- 
fecti rhe: lame number of vibrations: an ;the ſame fpace of time, 
provided ivfall of ir ſelf from the ſame! height ; 'to- wir,  the- im- 
_ pediment being removed; in the ſame manner which detain'd 
the pendulum: from falling from..chat Altitude ; wherefare if 
rio. pendulums ate ſo; fred in a Clock, that, they:are | botly e&« 
very, where alike, and: falling: from_an equal height finiſh 100 
vibrations: tm one-minnte, they; will :move one' after: another; 
nor.will one: begin to mbve uncil-che-other has finiſht + ro6 vi- 
brations, and: no irregularity can intervene in the: meaſure of 
motion, ſince each _compleats- 100' vibrations in one [minute 
preciſely, . 5; 16 F649 2:13 919 hh; 
,And'the' Clock may: be. ſo diſpoſed; that while : one pendu- 
lum makes. its. vibrations, the other pendulum not-only: reſts, 
but-neither any of 'irs wheels /'of the Clock are moved, beſides. 
fome one deſigned for the purpoſe, that as ſoon as the other 
hath made 19Qo- or 60 vibrations, it removes the. impediment» 
which detain'd -bott-the pendutunr and the Clock; and detains. 
the pendulum firſt:in- agication'to reſtart the fame inſtant that the: 
other. rogether with the (lock: begins to: niove; 'then againz 
the Clock\wih the pendulum reſteth- che impediment being re- 
moved from the' motion of 'tthe-other pendulam. - - | 
{ This; may be: done: many: ways,. as any one inſtructed and: 
exerciled;in Mechanicks :may eaſily underftand;; the Author 
thews-one-way, Which becauſe -he hath nor ſufficiently explain- 
edit; 'tis.in; vain.to defcribe ir here. | | wr 
And although. I think this kind of: Clock furniſht nn 
= uble 
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double pendulum 'to be moſt exa&, and ſcarcely to err one 
minute in an whole day, that is, in 24, hours, if it be well kept 
in ſome Chamber, and be placed in at'unmoveable fire; yer if 
you make uſe of it in Navigation t9 find the Geographical 
Longitude, I cannot eſteem it wholly to farisfie what is deſired, 
for two Reaſons ; firſt, becauſe ir can fcarce be in the agitation 
of a great ſhip, but the whole Clock muſt conceive ſome mo- 
tion, or at leaſt a light ſhaking or trembling in it ſelf, althongh 
it be artificially fixt on movable poles, or hangs on movable 
Circles ; from which trembling or ſhaking, the vibrations of 
the pendulums muſt needs ſuffer ſome irregularity. 

The ſecond reaſon common to all kind of pendulums is, 
becauſe while the pendulum is moved together with the ſhip, 
it makes not a circular motion, but anorher motion mixr of a 
circular and a right ; yea, if the ſhip beſides an Horizontal 
motion be agitated by other morions, chiefly upwards and 
downwards;as happens many times in an unquiet Sea, 'the mo- 
tion 'of the Pendulam will be mix of a Circuler, Horizontal, 
and of other motions both right and crooked, nor at any time 
uniform, from whence it comes to paſs, that while the centre 
of the-pendalum is irregulatly moved, its vibrations will 'be 
irregular, and it will run through ſome times greater and. 
ſome times lefler arches, or rather crooked lines, and altoge- 
ther unlike between themſelves, as we have ſhewn before. 


Problem. XII. 


To reduce the continual moving, and irregular Powers of 
Clocks and Engins, to a regular and uniform metion. 


on in the preceeding Problem we have taught ways and: 
J means whereby the finite and irregular motions of Powers. 
may praCtically be reduced to equahry of morion, nothing 
ſeems now to. be wanting, unlefs *tis ro ſhew how to obtain a 
motion equal and uniform in powers infinite or continal, 
which otherwiſe of their owr! nature are irregular ; which, if” 
it be done, we ſhall attain to a motion continual, and altogether 
equal; nevertheleſs I do not mean that continual morior' whith 
is altogether 'mechanical,or purely artificial/of whichinits place) 
buttheorher which is called Phy/ics-Mccharic,becaule that itpart-' 
ly conſiſts of Art, and parthy of Nature; for. fince no moving 
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power ſeems to be continual or perpetual, unleſs it be natural, 
or depends immediately on a natural cauſe, as we ſhall manifeſt 
hereafter, and theſe kind of natural powers or virtues in nature 
keep not always an equal order ; it 1s requiſite to find out an art 
whereby we may effect that their force, alchough unequal, may 
nevertheleſs be ſerviceable ro the perpetuating of a motion e- 
qual, and altogether uniform. 

Therefore I call all thoſe perpetual moving powers, or na- 
tural and irregular, ro which we are apt either immediately 
or mediately to apply new weights, or regular powers, within 
ſome finite and determinate time ſucceſhively, and always to 
the Engin being once made. | 

And all the induſtry and art which is to uſed in this matter, 
may eaſily be gathered from what we have ſaid in Problem the 
5th, for if we ſuppoſe a Clock to be made, whoſe motion 
according ro the rules preſcribed juſt before is abſolutely uni- 
form, and ir ſhould go ſo for <cight days by ſome weighthanged 
to the lower wheel, that in that ſpace of time, it fhall want 
Ro help, if then within that ſame time of 8 days an infinite 
power, or a perpetual natural one be artifically applied, that 
ſhall be fir ro raiſe another weight equal to the former, and to 
depoſit ic in the' place of the former, fo that forthwith the 
weight of the Clock likewiſe ſhall deſcend to the botrom, and 
be placed in the ſubje&ted channel, the Clock will be moved 
again by that new advanced weight, according to the artifice 
in Problem the 5th. aforeſaid, and rhar will alſo keep ir going 
8 days, it is plain that the motion of the Clock will be equal 
and perpetual. | | 

But Note,that you muſt uſe two weights at leaſt,- one where- 
of muſt be hung to the Clock, while its regular motion moves 
forward, the: other by an irregular power ( ſuppoſe Wind, 
Rain, Hear, Drought, '&c.), is ſubſtituted in its place, before 
that hath diſcharged its office. oy ating IE 
Moreover theſe two: weights ought to be Spherical, that one 
may eaſily ſucceed the other, the devolutionbeing made by a 
channel, or plane, ſomewhat declining, as in the ſame 5th pro-- 
blem is ſhewn. 

. Laſtly, *cis convenient.that, the motion of the Clock be lon 
enough, and: laſting, before the weight deſcend to the cn 
Pace, gps this reaſon, that the natural-powers may ſerve turn a 

thcient time inthe interim, that the other weight that comes 

in 
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in place of the former be drawn np; for although the fore- 
ſaid power be perpetual, yer ir a&ts not always, or at leaſt ſo 
little ſometimes, that although at ſome times it be more ſtrong, 
oft-times nevertheleſs a time may be ex_e&ed for ſome hours, 
or alſo days, wherein force convenient may be attained by the 
ſacceſlive and irregular ſeries of natiral cauſes; rhat you may 
more clearly underſtand what is meant 'when we ſpeak of per- 
petual motion, for then we deſcribe various perpetual motions 
Phyſico- Mechanic, from whence ir appears of what uſe na- 
rural powers are, ard by what art they are applied, that their 
force although irregular may notwichſtar:ding perpetuate a re- 
gular motion to any Engin ; I will offer only one Example+in 
this place, by which you may eafily Judge of the reſt. *Tis 
already known to Arrtificers, that by ſmall Breaths, or from the 
ſmoak of a Kitchin Fire, ſpits are wont to be turn'd, that is to 
ſay, diſpoſe in the centre of the Chimny ( which if ir. be Cy- 
lindrical ic will be the better) a crofs, or fome wheel, furniſhe 
with wings made of Fin, in the ſame or like form as is before 
deſcribed, for ſo while thoſe wings hit obliquely againſt the 
Smoak, they carry the wheel about, and if there be in the axis 
a toothed Tympane, it conveys that together with it ſelf, by 
which means it moves other wheels annext to ir ; a weight 
ſomewhat Spherical put into a lictle Basket, may be. raiſed to 
a certain height, and there put down according as we have 
Maid at Problem 5th. And to raiſe this weight which is fit to 
animate the Clock in motion 24 hours, it will not be needful 
that wood be always put on the fire, but a fire a few .houss 
will be ſufficient each day, if the Clock which is to animate by 
the weight raiſed by the Smoak,be proportioned to that weight: 
Wheretore #n this, and any other like artifice, firſt you muſt 
examine how much weight may conveniently be raiſed by a 
natural power in a limitted time to a perfixt height, and then. 
make the Clock or Engin proportioned to ſuch weight. 

What we have ſaid concerning Smoak, may take place in 
Wind blowing, and Wings impelling, which will raiſe weighe 
by annexing wheels, alſo if any one in a City, or the Gate of 
an Houſe, diſpoſe a threſhold, or little Bridge, with an occult 
leaver, or a ſpring of thin mertal plate a lictle clevared, fo that 
by the entring or going forth of Men, of Horſes, and of Cha- 
riots, 2 weight may be depreſſed oft-rimes in a day, from each 
force a weight of ſome bigneſs may be raiſed a little, and -> 
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by repeated" motions may be drawn to a deligned height for 
the perperual animating of any Engin. 


Problem. XIII. 


4 Clock animated, or going by Sand, perſevering in motion 
many. days, and ſhewing the {ours, and alſo Striking. 


A -Fter the application of weights, or moving powers, we 

come to thoſe Engins, or meaſurers of time, in which 
the:circular motion is moſt apparent, and fince there are many 
Hour-glafſes that belong to perpendicular motion, or to an'in- 
clined - plane, it remains for the perfeCting of them, that we 
ſhew how ( approaching to circular motion ) it maybe etfc&t- 
ed thar they may turn themſelves by motion of their own ac- 
cord after the flowing or running of the Sard, 2nd that not 
'once, but many times one after another, that therefore we 
may not only be freed from | the inconveniency: of: atterding 
'the laſt flux of the Sand, while we are converlant in'any other 
«buſineſs, bur' alſo that it may nor want any help of the hands 
for ſeveral days, and each turning about may ſucceſlively ſhew 
Xhe Hours, or likewiſe Strike: Mark whart follows. 

Fig. 143. Suppoſe A B an Hour-glaſs with Sand, ſuch as is 
commonly ufed. in the middle whereof fix a tranſverſe: axis G 
:H, and in-ar H6:izontal fite, and+to the ſame axis let there be 
:fitmly: fitted rwo Pulkies, : or rather Cylinders: here and: there, 
Hovable with 'the axis by mears"of 'weights Q and 'R'hang- 
ing from'them; above the Hour-glals make another Horizon- 
rakaxis I-K\, movable abour the poles I K, ro whofe fide arnex 
an immovable arm L M,with a weight M aftxt to its end; and 
-in the middle in like manner, {ct another little arm N O para- 
{fell rof the-former deſcerd, *which may be detain'd in its ex- 
tream part O; or yather-elevared together with the weight M, 
'by 2 title wing ſtanding outfrom the upper bafe of the'-Sand, 
3fo'that being hindred by the weight M; the Sand/:cannor he 
-wholly curned by the weights Q and R, notwithſtanding ir will 
remain in 8 fite not alrogether perpendicular, but ſomewhat 
:thclined; and the' weight M muſt be fo proportioned io-the 
"Weight of the Clock, and alſo ro the weights Q ard R, that it 

- "may be derain'd 3n' the faid inclined fire;-untill all the fand: be 
deſcended from the upper glaſs A into-the lower one B, and 
*When all the Sand is run into the lower glaſs B, it will obtain 

greater 
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greater weight, that therefore while the Sand endeavours to 
be placed in a PETEPANAr ſite, or in the line of direQion, 
the weight M will riſe higher, and at once will free the little 
wing O from the little arm N O, from whence follows the 
rurning of the jpte”-4, oqy by means of the weights Q R, and 
the lower part B will be placed in the upper- part, and will be 
derained by the little arm N O, by means of the little flap or 
wing PÞ, untill the Sand is again run out; for then it will a- 
gain be-turned as before, and ſo ſucceſlively until the weights 
Q and R are quite deſcended ; bur becauſe the little Cylinders 
CE, on which tlie ropes {uſtaining, the weights Q R are 
rurn'd about, may be of a ſmall bignels, and becauſe after eve- 
ry hour they make bur half a. revolution, it appears that the 
motion of the Clock and the turnings may be extended to ma- 
ny hours. a 

Bur if you would fit an index to ſhew the hours, that you 
may eaſily obtain by means of wo litrle teeth, fixt on the end 
G of the axis G H and oppoſite ro each other, which ſucceſ- 
fively and by turns one after another, every turning of the 
Hour-glaſs will move forward the wheel G T,. furniſht with ſo 
many teeth as there are hours defcribed in the circle, which 
may - be noted by a ſtanding - index 'fixt .in the centre of rhe 
ſame wheel; but if in like manner youafhx an hour wheel in a 
convenient place to the ſame Engin, which may be moved for- 
ward by means of ſome toothed Tympane, ar wheel, by the 
ſame axis, you may cauſe the number of hours to be heard by 
firiking on a Bell. 2 

Many other ways the index may be fitted to the fame En- 
gin, and the-ſtriking of the hours may be made, as will appear 
by what we ſhall ſhew hereafter, when we thall treat of the in- 
dexes of Clocks, and their ſtriking. 


Problem. _ XIV. 
A Clock moving by the Conſumption of Oyl in a Lamp. 


Fig. LIY boy a Lamp whoſe part A B entertaining the 
Oyl, is like a Column or Cylindrical, ſhut cloſe 

every Where, <xCept in its loweſt part C, where the Oyl enters 
fowly through a lictle opening into a velkcl annext C L, while 
the other Oyl is conſumed by the flame L ; in the foremoſt parr 
BE I'N 
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I N make a certain channel, and ſolder or glue it to the fore. 
faid Cylinder, within which on the-upper part make a ſecret 
or hidden pulley I, with an axis E F, preſenting or conveying 
on the outward. vilible face the index of the hours deſcribed in 
the circle G H. : 

Theſe things being done, put Oyl into the Lamp, or Cylin- 
der A B, upon which ler a cube'D of light matter ( as Cork, or 
Wood ) ſwim, and to this you muſt faſten a thred, or car-gur 
DCGIM, viz. that it may deſcend from: the upper ſuperficies 
of the Oylto C, and wy. put about the litcle pullies C C, ic 
may aſcend to I, and be folded about thar pulley; and laſtly, ler 
the other end M ſuſtain a weight, yet of leſs gravity than to 
draw downwards the cube D, which muſt always Swim up. 
on the Oyl, and while the Oyl confumes, it deſcends with 
the.Oyl, and draws the thred, or Cat-gut, with the weight M, 
and turns the pulley I, rogether with the hour Index. 

Note, That the magnicude of the little ey I, muſt be pro. 
portionate with the deſcent of the Oyl, and of the cube D; 
Wherefore we muſt obſerve how much the cube deſcends in 
one hour, to the end that the little pulley moving, the index 
I may be moved orderly. 

Moreover the receiver muſt be uniform, and of one thick- 
neſs, and muſt make uſe of the ſame number of threds thar the 
Oyl may be conſumed uniformly, and the Lamp may be fll'd 
with Oyl, either by a little door, or wicker, beneath C, or by 
ſome hole in the upper baſe of the Cylinder A, which after- 
ward muſt be diligently fenced from the Air entring in with 
a Screw. | 

1f the axis of the little pulley I be fo ficted within the Cy- 
linder A B, that its end F ſtick out on the our-fide by a hole 
made in the ſame Cylinder,and turn abour the Index, you will 
obrain the fame effe&t without the channel on the exterior part 
T N, which is made to' cauſe the arcifice to ſeem occult and mi- 
ſrerious; but that hole muſt be ſo ficced tothe movable axis with- 
init E F, that there appear no admittance for air into the Cy- 
linder A B, for if there be, the Oyl will wholly deſcend, and 
be poured out withour the veſſel C L. 

Allo the index of the hours may be made in the upper baſe 
A, of the Cylinder to fit, fo that the baſe ir ſelf be for the 
hour Circie, which may eafily be obtained many. ways, as will 
appear toany- induſtrious Arrificer. 

Lafh, 
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Laſtly, Befides the circle and the hour index, there may be aps 
plied a roothed wheel, by whoſe means the hours may ftrike; 
and if to make it more ingeniouſly, you would place a little 
Bell within the Lamp to give notice of the hours, you muſt 
ſolder or glue an open tube ſpirally co both ends of the in- 
ward ſuperficies of a concave Cylinder, deſcending about rhe 
Cylinder ; and through this tube, or channel, deſcends the Opl 
while it waſts by degrees, and a globe of light matter fwim- 
ming on the Oyl within the tube ; then all chings being ſo fit- 
red, that in each hour the motion: of the Globe in deſcending, 
figiſhes one whole ſpire, and then ic hits againſt a peſtle, or 
ſome flap, or wing, which loofes the movable wheel from the 
weight, as is want to-be done in common Clocks with wheels, 
ſo after the finiſhing of each ſpace: of the ſpires, the Globe 
unloofing the ſame wheel, cauſes new ſtroaks of the hours on 


the. Bell. 
Problem. XV. 


To make a pulley Clock, or a Clock of meer. pailies. without 
any toothed wheels, ; | 


Fig. Sl be artifice is propoſed by Father Schorews, lib." 9. 
Tecnic. Cap. 10. Prop. 47. Let there be (ſays he') 

2 little pulley A B abour its axis, or alfo with'a ' movable axis,, 
tro'this Join the perpendicular M N Þ, by the artifice in Pro- 
blem the 38, and tharby means of a little rod MA ; fram the 
licele pulley, A B, ſuſpend the pulley'C D, by means of a per- 
petual knotty little chord, whether thoſe knots. be made-of 
firm litcle balls diſpoſed or fixt to the rope, or knots made by 
bending the chord it ſelf, and cavities or hollowings of equal 
ſpace from one another, to anſwer theſe knots in each pulley 
A'B and CD; the pulley C D hath in its axis alittle pulley E 
F made faſt, from whence is ſuſpended: in» the ſame plain man- 
ner the pulley GH; and ſo henceforward rhe pulleys may 
be continued as many as are needfull; from the lower pulley, 
viz. tothe little pulley I'K, of the pulley G H, hang the weighr 
L, ſufficient for the motion of the pullics, and of the perpen- 
dicular ; all the axes of the- hanging pullics muſt 'be moved nor 
within a firm hole, but within a certain ſlit, or-notch, cut from 
the top to the bottom, that while thaſe perperual chords _ | 
7 Ee 2 the 
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the knots are:contrated; or diſtended, the” axes of the pullics. 
may be-raiſed; or depreſſed ; the reſt that belongs hereto, as the 
proportions of the pullies ro each other, are eaſily underſtood 
from what is faid before, all thoſe pullies _ agitated by 
the force of the weight L,' will be moved' circularly, and the 
erpendiculr NP; freely moving in its centre or-point. of ſuſpen- 
n, will be agitated by the lirtle pulley AB, and 'the little 
rod A M: See the problem before cited, and the other ways of 
applying pendulums. co: Clocks before deſcribed. . 
- According/'to- the Author, the Pullies muſt be fo diſpoſed 
that their axes move: within the flir, or notch, and-thar cauſes 
the Engin - to work Ml, for when the pint” ogy ogre unequal- 
t L hung; ro the 
Pullics, they are crooked or awry, and do not retain an hori- 
zontal fire as they ought; wherefore the' axes ſhould rather 
be put into. firm holes, and leſt the chords be ſhrunk or-ftretch- 
ed by wet, or drought, they may be wove of metallic threds,. 
or wyres ; bur if you uſe common} chords the axes muſt be 
pur into ſlits, and not into: holes, but the pulley ropes. ought 
ro: be doubled, and the weight hung-ro the lower little (pul. * 
ley, to wit, to the axis of the pulley C D, qr grin 0 
ley equal tro E F muſt be fixt, and you muſt anſwer the ſame 
in the: oppoſite face of the pulley ; which little pulley in like: 
manner with -another ' perperual chord. muſt ſuſtain the ſame 
pulley G H, -or rather another: ether like it, and. annext 
to: it : Laſtly, another ſmall pulley; bke ro I K muſt anſwer on. 
the fire face';, then: the weight: L- will. be- parted. in -the- 
middle, and: will- be ſuſtain'd partly [by the little pulley LK, 
and partly by the other oppoſite...” | 


Problem. XVT. 


To render the motion of a endulum. cantinual for many hours;, 
..or alſo whole days. © it ain. 


M*z Artifices. have been: invented in the aft years of this: 


| Age, and various ways, thought oh of rendring or . ef- 
tecting the morion. of Pendulums; continual, that they. may 
perſevere for many: hours:or-days-withithe ſame: perpetual»ve- 


_ locity:;, from-whence-allo this: advantage follows, [that all:the 
© Yibratians are 'made in 6qual times ; ſume of theſts kinds. of 


Artitices 
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Artifices I ſhal}:deſcribe-in this-place, -which ſeern! to:mie moſt 
. meet for the purpoſe; for any! one of - tiis own ingenuity !11ay 
take occaſion to think of .others. T7 1 Z 
, Fig. 145. Firſt then, ler the Pendulum be A B, ro which ar 
.right Angles join the lictle army A C;. and let the upper wheel, 
.or roothed Cylinder: be.D E, which: being turn'd! abour:draws, 
with. it another little arm D C;-made faſt in the baſc/ofrirs Cy- 
linder near the circumference being rourd*in the:middk, and 
with a ſmooth pit, ſo that the'Jittle arm''may be freely mo- 
.ved abour this. pin, and conſequently while 'tis. turn'd. abour 
the Cylinder, or wheel D, the' littl: arm-D C. may be deprefs'd,, 
.or- boxe down, :which / conjoin. in -C with another-liule:arm, 
. .and;the angle C:being; ivlarged; wilbſuddainly: caufe rhe! lihce 
of the Pendulum! A'B to be. lifted up; which-is:30i9)d/inA'to 
the wood: LL froni whence being: fuſperded: "cis! deraini'd; bur. 
nevertheleſs it freely turns abour'the ſmooth! pin A faſtned to: 
the wood ;- then ſome ſufficient weight: being; added: ro: the 
lower wheel G, 'from_ this: motion/'follows' the: morion of the 
wheel above it. ;F, and-this being! in the middle: ( as, ic is: wont 
. £0 be in Clocks) turns. abqutthe uppermoſt! wheel E D,: which: 
drawing with it;the/litcle:; arm-of the pendolum; the fame im- 
prints a motion : to the: pendulum, as; long- as-thete 35 new 
rope which ſuſtains the weight annext to. the wheel.'beneath, 
or loweſt wheel”; : -! 213063 96h all 71 
Note, inſtead; of the Cylinder, or lictle wheel DE, you: tnay 
fit a roothed: Cylinder: having a: icxooked bandle; which will 
hy hold on, andimirn:abaur the licde:arm:D: C,' ſuch: as:i$ the 
Cylinder M.. | | UL 
.* Note alſo,by how aiuch leſſer the} proportion of. the diame- 
ter of the little wheel. D ſhall be:to-theramniA Cy ſo:mutch. leſ- 
ſer will the arches. be that are; deſcribed iby the motion of the 
pendulum. A. B... 1” OL1..£53531 B93GuUt1931 | {133% LC = Ci 
| oO ibs ſecond place: ket therpendutur AB $6 
- movabl nA, in its lance: fafien che 'armM arcs gs: 
cally run-fometimes incoc/this,;fomerimes imo that: parry” at 
ſuſtain;ir-parallel-ro the horizon; tronv.the middle part! of the 
ſame arm: MG. ftretch: out. wood. or. iron. like alittle! forki//or- 
two teeth, made: hollow, ſticking. qur. as. at L,. which in its-ea- 
yity. or-Cleft;2dmics the pulley &.F,:immovable andsinian'-ob- 
lique- fie, put-into the axis C:Di;-ler;thisi kind. of axis! be fir! 
viſhe with a, togthed. Cylinder, which will. be cum about/hy 
144 the; 


C 
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the wheel N, by means of the weight P being. added to it; or 
by: means of 'other wheels, as you. pleaſe':1/The Pngin being 
diſpoſed in this manner, while the axis I H'is turn'd about of 
the lower: wheel ; in like manner the middle axis C D is 
turn'd abour by the toothed Cylinder,. and with it the. lictle 
pulley: E F,. which fince ir obtains an. oblique ſite, ir cauſes the 
arm G M, into which iris. put to_run-to' and: fro, and: moves 
"_ ——_— Suppoſe. the pendulum 'D Bh 

Fig. 148. Thirdly, Suppole t ulum angin 
fine Fog arm A C, immovably fixt in'C, and let the hade of 
the pendulum be. ſtrercht our! ſomewhat above . the point A, 
from- whence-'cis ſuſpended; to. wit, in D ; 'then' fit the' axis 
E F, ſuſtain'd in;che aide by-rhe- arm F, to which join the 
toothed»Cylinder L;: anddet'rhis axis be:ſ{trerched ont through 
the hiole of the arm'F rowards A. Laſtly; in che'exrream' part 
of it near A, ct it be farniſhe with 'a :concave Cylinder, and 
being cur oblique, ſo that the ſeftion' G-D make 'an Elliptic fi- 

urez-the Point A from whence the-lance of the! pendalum is 

Piſpended, muſt be'in the ſame horizontal right line with the 

axis-/E.F;, and with' rhe arm A/C; (moreover 'it ought to be 

ifely -in+ the/\centre of the: ſame ſection 'G D, although 

uſe of the cavisy of the Cylinderithe point i of hanging ' re- 
mains free in/the-air. SEOEVET ] 

Then while the toothed Cylinder L is turn'd-round together 
with che axis E|F, the>Cylinder DiG-.is rurn'd-all under one, 
Whoſe cxrream or end beingan ablique Seftion; -hitring againſt 
po lange-of the Pendulunb:it unices g/morion'-like'to the pre- 

ent. | f 

fig, t49. ic Fourthly; Jer: the:/Ptndulom' be AB; whoſe axis 
A CE tes| with\it -rwo:tooched Cylinders:Dand B, which in 
like 'manner here; and [there, -lay- hold! on! che toothed wheel 
D E, but with interrupted teeth, ſo that while-i one Cylinder 
lays;hold:on: the ;wheet-on 'one pare; the other Cylinder lyes 

pen/the oppokite ;part-of the: wheel which. want” xceth; \and 
therefore theiwhale wheebought-rtoibe divided into imany rows 
of teeth-in 241:0dd number, | and tis: coonvenient 'to' make "each 
raw. of three iteeth;. and berween one} and: the- other row, a 
ſpace; of teeth; left - vacant; ; as-much .as'is- occupied by three 
tegth;.:le;abattenias the: weight; ſhall be 'hung-ro the lower 
wheed-H-K; this-heing : rurn'd. about, - will move: rhe toorhed 
Cxlinder £, which beivg'in the. middle, - will move the _— 
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faid toothed wheel, which biting the toothed Cylinders D, E, 
one after another, ſomrimes on one, ſomtimes on the other 
oppoſit part, will\move in like manner. the pendulum A B. a!-- 
ternately. | | 
And as in the foreſaid Engins, each vibration of the pendu- 
lum is made in adetermined part of time ; to wit, in one fecond 
minute, or in 20 third minute, &c. the proportion of the wheels 
and of their teeth, muſt be obſerved, as in this laſt Engin, if we 
would compoſe each: vibration of he pemgoth ro anſwer one 
ſecond minute ; in the wheel DE, difpoſe 25 rows of teeth 
with as many vacant ſpaces. between, che. Cylinder F muſt be 
furniſht with 8 teeth, the wheel H K muſt have 96 teeth, the 
Cylinder G likewiſe conſiſts of 8 teeth, beneath which will be 
anather wheel of 96 teeth, ro which hang a weight; for in this 
manner 3600 compound vibrations wilt be made in each honr, 
whereof will be equal ro one fecond minure ; then make 
fit the weight hung to the lowermoſt wheel, with the tength 
and weight of the pendulum A B, in ſuch manner, that the 
lower wheel be once turn'd abour in an hour preciſely, for fo 
it will come to paſs that the Cylinder G will be rarned 12 turns, 
and the Cylinder F, together with the wheel D E 144 turns, 
and at laſt the pendulum will finiſh 3600 compound vibra- 
tions. | 
Inſtead of the wheel DE of difcontinued teeth, you may 
uſe a toothed wheel common to Clocks, if inftead of the Cy- 
linder of teeth, laying hold on it, you afe rwo little handles, 
Ahich by curns ſhall urge and move forward thoſe teeth of the 
wheel, by laying hold of them. * : | 
Inventions of this kind are excellent, not only in being ſer- 
viceable in continuing the motion ot the pendulum, bur alſo 
in making of Clocks moſt exact as is obvious to every confide- 
rate perſon ; which Engins or Clocks have this utility and con- 
veniency, that. they ſcarce make any noiſe in their motion, 
fince the pendulum is inſtead of a Ballance, which in common 
Clocks cannot agitate without noiſe. 


Problem 
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PAC. 201. 3. 72:71 CET 156 
To*make a Clock to ſhew the hours on both files," after a new 
method, which by a.weight hung to either of its ſides pro- 
ſecutes its courſe, and the index of the Clock proceeds dor- 
ward in both motions conſequently. | ng] 


FT" He Anthor before cited teaches this Artifice: See the laſt 
L Figure of the preceeding Problem, where we have taughr 
the method of continuing the vibrations of a Pendulum ; for if 
you rightly underſtand the. conſtrRion, of the Artifice of this 
Engin, 'tis manifeſt from thence, that if, while the perpendicu- 
lar A B is agitated, the wheel. K H ſuddevly changes its turn- 
ing abour to the oppoſite part, that is,' it begins to' move to the 
right hand, when before it moved to, the Jett hand, the | moti- 
an nevertheleſs of the. perpendicular will in no wiſe be hin- 
dred ; becauſe that in whatſoever place of its arch, the per- 
pendicular A B Jays hold on unawares from its firſt acquired 
7petus,. it:Will continue the ſame vibfation.; bur for the follow- 
ing vibration, it will have, the favoring impulſe co it ſelf, for'as' 
much as the. parity of. the xeft. is the motion infticuced . by the 
wheels in this, or that part. 2 as na 
_ The ſame may be obtained other ways, as is explained in the 
foregaing.Problem, but chiefly, by the Figures 146 and 148, but 
yer ;calter þy.application of a Pendul.m which w. have taught at 
Problem 5 ; it: only remains then that an index be applied fo, 
that although the turning of the wheels be made on the oppoſir 
part, .yet it always proceeds-forward in the ſame parr. 
Fig. 150. Let the axis A B be continually movable roge- 
/ ther, . with'the roothed Tympane B, hrmly eroony ro the ax- 
is, which forces the wheels of the Clock on borh fides to this, 


, * 
c 


or that part. 


wedges;or line peſtles CG, E 1, each of which is furniſhr wich 
4 1ILU8S 
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a little preſſing wing in preſſing its power, that the pins bend- 
ing forward to the. Jags, admit the motion without, much. xe-:; 
ſiſtance, and theſe pins 'are -conveyed' by; the 'finger'd; wheels: 
CD, and E F, to which are fixt ſmooth little pins holding 
them at liberty ; laſtly, to the two finger'd wheels, there muſt 
be added a third C E movable with the axis L M, and its fin- 
gers folding in both the fingers of the wheels C D and E F, it 
may be expedient that the; wheel CE referrs to another fire, 
ro: Wit, . vertical, ( if neceſlityrequire it ) the circle of the wheel 
being-pur in points deſigned. 

Therefore the Tympane B with the axis and jag wheels G 
H, I K fixt in it, are turn'd in eirher part, for preſently either 
of the jag wheels will be bound by its bar or pin, and render 
its finger .as-4t , were continual, which wich the. axis leads it 
with it ſelf, and the wheel C E together ; and becauſe this in- 
folds-its fingers with the other wheels, it impells'it but jn the ot 
poſit part,in which its bar or peſtle hinders nor, in as much as the 
oppolit jags, holding the former and admitting the motion on 
that part; now if the Tympane B change its turning to. the 
oppolir, then that which was firſt hindred by the. peſtle or; bar 
will be! looſed,” but that which was looſe lays hold on his jag- 
ged wheel, which then firſt begins to. moye in SOS ; Part, 
in which his finger'd wheel moyed before, and fince; the fin- 
ger'd motion is the fame now as before, becauſe continued in 
the ſame part, therefore the morion will be continued, and the 
half of the Fingers CE ; to which therefore an hour index be- 
ing fitted, will always move forward into the ſame. part whi- 
therſoeyer the. Tympane B with the whole Dial. is carried. -, - 

Note, Firſt, That the wheel C E. advancing always inthis or 
that part, depends on the. jaggs or ſaw-like teeth, reciprocally 
inclining, and turning: towards this or that part, whencet 
the ſite of both of them be changed by inverting both the. jag 
wheels, and the other face being applyed to its finger'd wheel 
{ the peſtles or bars, of the. Jags being alſo changed) the mori- 
on of ihe wheel C E will be likewife changed. 

Secondly, :it the wheel C E be led about by the hand in that 
part in which -ir was firſt impelled by the fingers C D, and E 
F, both thaſe-fingers will be moved, but the axis with the ſaw- 
like -teeth- wheel, reſteth by force of this Conſtruction if no- 
thing elſe hinders, and may in the interim be turned in this or 
that part, while *tis not moved ſooner than the axis L M. 

| F f Thirdly, 


Sis — —Meohanick- Powers. Book IX. 
- Thirdly;borifyon will ladabour the wheel C E bythe hatd 


\ oppoſite part, and/not in' ic which it was decreed:ro moye, 
rior AF} will follow, bur the whole ſpſtem will be firty, 
ane will tick; 1b'that'the'reſiſtance of the hand detaining.the 
wheel-excecdeth, iis neceſlary to-apply a proportionare pow. 
er tothe rympane B on each part of ir, which is no leſs a Pa- 
radox- than the-former ; this conſtruCtion extends irſelf ro ma- 
ny other Problems of motion, asthe deducing the librating mo-. 
tion mo: Circular,to the recallipg:/wharfoever irregular nwrion, 
to.2 well. order'd Circular, &c. as wilkappear in whar follows. 


Problem. XVII. 
The Hydraulic Check of Father Bettinus.. 


His kind" of Clock is mdeed very ingenious, and the- in- 
'E * vention of: Father Petthnve, and: afterwards increaft and 
enlarged in many things by Father E/chznardus, of whoſe work: 
alſo 1 have'often obſerved not! without great pleaſure of mind, 
the like Engin made in the'Roman College,” which performed. 
beard, 7D og 43ny + Therefore left our! work ſhould” want 
ſomewhat of rhiofe things which ſcerit 1noſt} of Ingenuity,” we 
have tranſlated this from Bettinas. 1050 | FUCAT'Y 

': - 1: The artward Artifice of the Hour Tympane. 

Fig.-151. You'ſee the expreſs fornr of- the Tympane'con- 
_veyed From the 48s through the centre, whoſe apparent'Pole 
is H, 2nd the &rher; pole nor #pparent, and'ef the-chord-I'K L: 
MN P,. whbfe'two ends are fix in I, and the little pulley K 
{if you pleaſe of Brafs) with a ſmall. weight flretching-out the 
rope lightly, that beyond L'it adheres abut the occult pole :. 
oe the'grear weipht winder” the pulley N- while the rope en- 
deavours, to-draW the'chafed tis, and as 'it-were roothed, af- 
rerwards moves the Tympane rogether' with the Tympane and: 
the,number 4 aſcends;” and after the Tympane movable pieces 
arher of wood or iron toothed, whoſe form and art we will. 
ſew. herezfter, and fome ſuch-'you fee Q;, R, while they 'hit, 
againſt the movable and' changing plare of mertal-S, 11 con- 
ces" che bandks'T V X, being drawn together they' raiſe rhe 
tefle hammer ''on the {ide of che little” Bell Y to' ſtrike the 
bows. > < | RL $43. -MELE 7 q03 i 


The 
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\-Fkie art of changing the' ' ntimbetg' it the hole, where 
ie were, lies hid under the citcular-plahe, as alſo the art of tex. ſer- 
ring ar libert i the tcerh nee the FR of the Pome. Tyan 
Pane, we W ſhew, hereaf! cer. 


w— fn. WT, TWO 20 
The inward arrifice of the bps: 


Fe (YO of the circular planes being drawn afide the Tym- 
"R pane! immediately: \hurs, ard chat on-the- orher part 0- 
pens.35;you fee in the:figure annext; behold \there appearsto you 
the ſuperficies of two concentric, cylinders ABC, DEF with- 
in the Tympane, within the concaye'of the lefſer rhe Hays or 
props'are G, H, in whoſe holes the'axis of the Tympane is put, 
within' the convex of the leſſer, atid the concave of the: grea- 
rer 48 the plane K; Wet is join'd ro the Tenn ſuperticics, 
and ro, the cireutar þ Te Types, Uivongh through the 
fittle hole T'6f he Pratt © 1 R'paſſes' water ta run, *when 

the each mona rig Bc of the ei, pad wen bo in 


we 4 4 


His copper wh with the En Engin an "md the'plane KI deſcends and 
Hr a we is MA ;' "Ire Th mean. whi e the "water 
trickles' ac through. th 1 

plane K 1 interceprs rhe" & the wrkted untik the 
water running between more Ind. more through 'the hole I, 
and the plane K I aſcending to the parts rowards A D ( or be- 
holding 'the right hand) moſt part of the water which flows 
beneath iche B ve increaſes the force of the weight hanging a- 
bor the axisH, and. canferh the plane K'1 which now is idle 
in the parts A D with'a ketle water ( which ir hath not 'as* yer 
deeply flowing above it ſelf ) at length *tis turn'd by A DÞ with 
a ſwifter motion rowards C ( or to the parts beholding the left 
hand-) and from thence it deſcends again and the water pref- 
th; which _ flowsrhrough'the hole, +. and- fo perpern- 
ally by turns the Engin is turned, the Orb compleating a rotation 
Te in each hour. 


Ff 2 | '- = 
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The art is, that the dropping of the water;continue an. whole 
hour, whiles that after a Bo nd inſenſible motion of the En- 
gin for an hour, unexpeRcdly the Engin turns, in the. begin- 
ning of the dropping ;. in which revolution the hour. is ſtruck 
on the back part of the Tympane, but in the forepart the note 
or figure ſhewing the hour en the. dial plate is changed: 


Se8, IL. 


An eafy and moſt ingenious Art, whereby the number. of hours 
are. always: changed: and alſo the hours are- ſtruck in. the 
hour-Tympane without the artifice. of other -oulgar movers. 


the eye. ; 
of metral: | 
the faxt linthe pins.within the little boards. 

The outward.form of the artiyqu hayegn.the. ſeperate H, and ar 
Land K.; imaging then the lictle, board H tg be in his place be- 
tween” LK, ard;ro, ſtand upon the fide P. Q,, Which is only fic. to 
receive one little board, the orher, fides being large enough for 
Ewo, 2a5;you: fee. in the Figure ;. . then. while. H  berween I K 
ſhews:the number (which you muſt conceive on the other part ) 
how loan through Pe BIG ag. the ire 4 GD # 
twretd, with the Tympane flow! Sapp ſe,rowards. A, the little 
bo-rcs 7a (Hof 8 us hes EMI, and 6, 5, to the 
fide ER, 4, 3, tothe. fide R Q, and by reafon of the. obliqui- 

TY ty, 


_ 
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ty, the little board H being removed from the-fide PQ, in its 
place ſucceeds 2, and ſhews'ir ſelf under a form. Moreover H 
and «z fit themſelves to the ſide P N;, r+ and 10, to the ſide 
MN; 9 and 8, hang down beneath L M, and: 8 fucceeds in 
the place of the middle 7hanging:down, &r. and three always 
hang down without, and beneath: one fide as/you ſee 6, 7, 8, 
beneath M L ; and by this ingenious, eaſy, '{imple, and -won- 
derful art the little bozrds change by turns; and-one after ano- 
ther they ſhew the hours, the:number of hours: being inſeribed: 
under an open bright hok. | 

- Fig- 154+ But that which belongs to; the ſtriking. of | the- 
hours is'thus ; ſuppoſe on the: back part of the ſhur Tympane, 
the plane being: drawn aſide with the incloſed . toothed little: 
boards, that plane on-the inner part expoſed'to-the eye 1s repre- 
ſented by the circle-S T,' ro which is affixt in. V X a pentago«: 
nal plane excentric in the circle S T, having.a common! ſquare- 
hole ( which is the centre of the: circle) in which-the / axis of 
the Tympane is put through ;; there are 6 little-boards quadran- 

lar- with teeth: ( according to the number; of | hours to be 
ruck ). having baſes ſomewhart leſs than the ſides of the Penta- 
gon, and they are made faſt by the corners with thin plates of 
mettal movable about the ends as you ſee in the: Figure, and-as-is- 
done in the little boards of the' houx indices in the--antecedentr: 

circle, 7 

That you: may underſtand the'form and art the better, you: 
have fer a part Z, ſuppoſe the-thin plate (by whoſe impulſe 
the lictle hammer. is led. to- ſtrike the hours ) co be in 9, andthe: 
circle in the Tympane to be rurn'd from $ towards a T, the lic- 
lit board B with 6 teeth or claws ſtriking againſt in 'a, ſounds 

lx tinklings on, the bell for the hoars, and preſently falls:down- 
beneath 4; then B being oblique to the parts-T, the little boajd 
d fits it {elf to-the fide e, and 1o of the. reſt inthe Orb, as/'is- 
faid before of the hitle. boards: of the hour Indexes.,, -/'- , 

. And it muſt be noted and effeRted,-- that the- little boards 
with-teeth of the circle $ T, fo agree with the line. boards of: 
the Circle B. D- of. the antecedent figure, that they: ſirike-the 
hour, which is preſently ſhown under the. hole, the number. 
of the lictle board in the circle BD being changed.--\., -_ +, 
., Alſo you. muſt take care.that the hour plate, zn{cribed iw the; 
firſt Figure, Se&ion the Firſt, be diametrically. oppot-t0, the 
Rlane. K I of che figure in Section the ſecond, through the hole, 

"Of 
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of whole plane th2:warer trickles down ; "and 'Jet the ſame kour 
plate be oppsſire ro the lirtle- roothed- board ftrriking -the! hour 
(not ſhew'd in the plate.) of the next following number, '{o 
that when the' ſhining hour eye is below'the Horizon of the 
"hours Diametrically oppoſit to ''the lirrle'Bell; and in thatieye' 
they. number of the hour is changed, in'the'ſame-momerr rhe 
reothed little board ſtrikes the hour, which being-changed the 
hour. immediately appears above the Horizon. 31% Tu9b 

Abour the hole I, in the plane'K I, through which the' wa- 
ter flows on both parts above and beneath the plane'K 1, in 
che" back: convex of the Engin 2re/rwo broatl holes,: through 
which::/rhe water is poured” into- the' Tympane; ant! when 
need requirevis preſently all raket our, and” through the ſame 
holes: appears the lefſer hole-I;” in the plane 'K 1,'ithar it! may be 
leokr after if any thing hinders the running of the water through 
that little hote, and thoſe two greater holes on the back part 
ofthe: Tympame; may cafily' be-rſtur and 'open'd by- rwo braſs 
thiniplares affixe with! wax; or other fir gloe. OO 
- (And hecauſe ir» the'' beginning of - the hours the! Tympaine'is 
cuvned flower, afterwards always fwifter, | becauſe of a leſſer re- 
—_— of Warer,' therefore og of ww pes planes ſhut- 
ting the Tympane' is par' a thin phre of lead in manner of' an 
hook; decreating'by lirtle arid lirtle; &e. 


${BX | 937<0 »11 16 ! SefF-IV:: 1959: pitt 12ZCO7 16H 
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OBfervations of! Father Eſchinard;'to be pratifed in making 


+ the forefaid Pighn. 


"THis Author learned in Experiments adviſes in'the firſt place, 
2-that'the'Tyinpane be; divided/ in four equal parts by Pa- 


alc 
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276 made' with greater holes, the Tympane will rather return 
than-runforward ; wherefore likewiſe'an -inſtrament niay be 
inade divers ways for ftriking the bell, to wit; by making itſo- 
thin choke points rake' up ſomewhat in'their ſwifter motion! af 
ter: the, manner of a+ Leaver, as is'worit to be done in large 
Clocks with wheels, one end of which Leaver while it falls 
down draws the thred to it 1df, and raiſes the hammer ;-alf6. 
ſharþ points fixt' to the rables may be ſo faſtned- ro the hinder 
fuperfictes. of rhe tables,” that they * may direQly- behold the: 

'ympane, as alſo the centre of the Pentkgon may be other- 
wiſe taken, &c. - | ECT UTC 771 

Secondly, The iron phates being waſht over with tin, corrupr 
prefently, unleſs it be fenced by ſorme Sandarac,/or varniſh, fig 
for the 'bufineſs;; Copper coverU-over with tin, or tin only of 
it ſelf, ſo"thar ir be very thin; is beſt of all; © — © 
* Thirdly, Beware' left rhe place of the ſmall hoke be fo, thar 
frer ſome time the magnitude of the hole be changed. 

' Fourthly, The Tympane muſt be + of one Palm ar leaff, 
| porh tn length and breadrh, for if it be lefs it will nor ſucceed 
0. WE | : | 

Fifthly, The molt fit water he takes ro: be rain water diftil'd, 
bur 1f the veſſel be [made''of glaſs, hor water will be betrer ; 
and the quantity of water ought not to' fill much ks than: half 
the Tympane, bur eſpecially it ought not to come to the inner 
axis, wherefore that axis will be the better, if it be made as 
ſmall as poſlible ; the other things to be compared with one a- 
nother are, the lirtlenefs of che hole, the quantity” of water, 
and the force of weight ; bur chiefly* you. ought: ro rake care 
kſt that hole be ſtopt, which ought ro be atleaſt as big as 
one arch. | | Co" | 

Sixthly, He denies that the thing: may be done with Quick- 
llver icicad of water, both becauſe ic requires a, greater hole 
to flow our ar, and therefore” alfo a grearer Tympane, as alſo 
becauſe ir will paſs our moſt heavily ; laſtly, becauſe'all merrat 
corrodes, and therefore the Tympane ought to be glafs, which 
will be difficult ro be made: Alſo he denies duſt, or fand, co 
be fir for thar ſervice, fince ir ought to paſs through a ſmall 
hole-by being compreſt in the middle, which is done by thoſe 
thin plates of mettal, which cannot be obtain'd by duſt: _ He 
coneludes, if any Liquor. be found in which heat an@'cold doth 
hot govern; that is moſt fir, ſo: ir doth not corrupt the matter of 
the Tympane. SCVENm 
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Seventhly, He aſſerts. another ſuch like Engin of his own:cam- 
poling,, wherein: he. hath made a perf«&, Hexagon, in, the axis 
for. the; Pentagon;: and: about at ſcyen Tables are gathered to- 

ther in the ſame manner asabove, every; one of which bears 

fore it one of the ſeven Planets defcrib:d with its proper 

Character. : . Laſtly, in the foremoſt nc PPPEary 2 Circular thiu 

lace of mettal,. but that for one circular hole it hath fix, each 

« af deſctibed upon with. ſome caolcſtial Sign,. beginning, 
viz. from; Aries; then while the. axis, /is turn'd abour the 
Planets-are; moved ro: the 'Weſt, bur ſo,. that in every cir- 
.cumyolution they go back to another Sign placed after i in 
due order. 

Eighthly, He teaches in what manner one Tympane, fo it be 
large, may ſuffice for ſtriking the quarters of hours ; ſays he, 
make a Veſfl, which divide in 4 parts by 4 thin plates, - and 
then divide it again, but in a contrary manner, that is, let it 
be cur by the plates:in the Seftion which makes a circle, and 
take away, / as 1t were, + part of the veſſel, whence there will 
be, as it were, two Veſlels in the manner of ane, then cither of 
theſe will be divided in 4 parts ; the plates which divide the 
lefler Vellel ought all to. be double in a place, to wit, nigh the 
faſcia, and nigh the axis, to be opened with large holes, and 
the: plates of the greater vellel are boated double in a place, 
but with an unlike hole, to wit, one nigh the Faſcia very 
ſmall, and the other the axis much greater ; for this is necel- 
ary ro communicate th2 air to every part of the Veſk1, others 
wiſe the water will not . paſs freely through the ſmall hole ; 
laſtly, pur che water in ſo zo the leſſer veſſel thot ic may alinoſt 
torch the axis, but in the greater veſſel as little as may ; be for 
.hence ir comes to paſs, that when all the water in the grea- 
cer Vellel ſhall paſs through the firſt ſmall hole, before that 
( {ince 'ris bur little ) the impediment of the ſecond thin- plates 
hinders, .in the mean while the. Clock will be moved ſ{wifter, 
buc becauſe, this way it rather: returns than goes forward, 
therefore tis reſtrained by the water put in the lcefſer Vellel, 
which in the interim paſſes through the great hole ; then 
while the Clock in this manner is moved, after. every quat- 
rer of an hour it ſtrikes on the lictle Bells the number of quar- 
cexs elapſt. ..; - - ME 
Norte this qne thing diligently, wiz. leſt chat ſlow mation be 
co. ſhort, as not co ſuffice tor the ftriking of che Bells as often 

- < . 50 hrs as 
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x6 required ; alſo nore; that hence: ir neceſſarily happens; + 
mt —_—_ face of the Clock is a litcte Changed ;' for other- 
wiſe it will follow,. that in the middle of 'the ſecond hour, the 
mumber of the hour appears not longer, which evil we may ca- 
ily cure many Ways. th Bow 
'Hence tie Concludes, that this ſecond diviſion of the Tympane 
may alſo diftinguiſh the Tympane for ſo many hours, for hence, 
ſays be, proceeds great benefit, for you may as you pleaſe make 
the motion more or leſs ſlower for ſtriking the bell;viz. if you pur 
mare {or leſs; water into the leſſer veſſel, atthough you' leave 
the greater veſe] uncouchr ; bur in this cafe "tis- ſufficient, if 
the (greater veſſel only- be divided with fo many rhin plates ; 
for the other plates are put only to reſtrain the too ſlow mo- 
tion; as is ſaid Ore. | oy Wo51 | 
 Ninthly, Becauſe thoſe things which are ſaid ſeem not fit to 
the ſtriking of greater Bells, three veſſels are to be made in 
this manner : Two of them muſt -be divided into 4 parts in the 
main,  as'is ſaid of 'the leſſer veſſel: for' the quarter' hours, the 
third muſt 'be alſo divided into 4 (parts, but the fame altoge- 
ther after - the manner of the' greater vellcl for the quarrers ; 
the water in the firſt two veſſels is put in as you” pleaſe, bur 
the ſame "muſt be obſerved as 'in the leſler veſſel for the Quar- 
iters ;/ and /in the third you muſt obſerve that which .we Faye 
ſaid of the greater veſſel for ORE : Bur now if to the 


bn age > woot the third veſſel (as is uſual in grear clocks 
Hife-up -ſomewhar, ſo thar'it being raiſed a' free Lars Bet. 


imitted x04he-other veſſels; ro'wit, to one of thoſe in the en 
of the 'hour'for ſtriking the hours, ' and- the other to- every 
-quarter for "ſtriking the 'quarters, the 'thing will be' accom- 
-pliſhe. ; 
| F Tenthly, The foreſaid Clock hath this peculiar, that it makes 
-NO noe) nor the morion of the Ballance, nor the Wheels di- 
ftutbs nor noEturnal reſt: Norwithſtanding if you would make 
uſe -of it to rouze -you from ſleep ar an appointed time, you 
may -eafily do ir, by taking all the teeth from the Tables, ex- 
Ccept-one of them, which you muſt fix in-ſuch place and or- 
der, that after the prefixt number .of hours jt may ſtrike on 
the bell, or make ſome other noiſe, as is wont in excited 
Clocks, of which we ſhall ſpeak hereafter : There are alſo ©6- 
_ ther ways more eaſier, as if you uſe to it the percuſſion of a 
weight, whereby one part of the equilibrated table depreſſes a 
Gg Cliggur 
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Cliggut, ſomething ſallying- out -inro-the, room, and.,you ma 
encreaſe jor dimintth the! percuſſion 'of the weight, by making 
a greater or-leſſer hole.in' the other -chree: plates, which; have 
large, holes for. the fwifter -moxtion;:; &'c, But [it,, you add. one 
wheel, you will find ſeveral eaſy ways. 7 le wh © 
- The Author, concludes, -thaf: hence all thoſe, Engins- may; be 
ſupplied. by a ſhort-Compendium, which are not, wrought;bur 
by many Wheels, eſpecially in thoſe which 'want. remperate 
motion. x] 5; C4 29% enoOforrm ff 
Moreover -he adds | many other. things to-equigthis;Evgio.. 
and, Firſt, he; ſays, the velkel may -be ſo accommodated-in the 
outmoſt, part, that at -whar! time the. Clock is moved ſwiftly, 
whether before 'or; after the; Strokes, on- the, bell, - little -boards. 
being placed, or ſuch like, as is wont in Hydraulic: Organs, ic 
will utter ,a confort of mafick, either in ſome Cimbal, or. on 
lictle Bells harmonically. diſpofed.. Rely oats 
_ 1 Secopdly, 1f, the Clock!be:ihung after the uſual. manner to'a 
wall, and to. its fide, ſome plane table: be made faſt ro:-the wall 
through. che length; that - 1t he; parallel-ro the horizon, wpan. 
rbat, table may. be placcd, the Sun-in its. courſe, a. bidden-;ſiring _ 
.being drawa, which: tends. rightly to. the Clock, which may 
be drawn by the; veſſel in its;circulation/ z and. on the wall: 
you may diſpoſe in right order:( in the way through which 
the. Sun . runs its-courſe ) the heavenly houſes, whence each: 
-hour,.a, little: Image poerically ,agorn'd./ appears, which: ſhews- 
398 hour the: right hope LNG olaph or the, Sun, and Mn the | 
Hcft hand it leads ſome of the heavenly Signs,.or ſome ſfign-of 
the , Zejiack addifted-to that houſe, &c. thusthoſe lindo T08- 
_ges will appear every one to his time z put. croſs- in the. way. 
y which the Sun paſſes, ſome little board, ſo that when the: 
courſe, of the. Sun being, moved- by the. {wift-motion of the 
Clock, being .carried-,in 'its courſe, ir hits againſt, gue end, of 
the little board ;: which. if: the little board be. placed. jin.,map-- 
,ner of.a.leaver, it may; ſo.-be accommodated | that; while -one- 
of its ends is:drawn, by the ſervice. of the gther end with ſome- 
ſtring added to it, the litcte image is brought forth ro.the-Sun, . 
and. there lefr. | | | 
\ Thirdly, Beſides that heavenly motion, . that. number which 
ſhews the hour ;next, elapſt: may be fo accommodared, that the 
. fame ſite, and face may ſerve, as well in its Apogeon,/ as in'its. 
aſcent. and. deſcent, to; wit, if. there be-put to. the. little plate- 
| ; Bi an: 
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on one. of its parts fome tin, a little heavier,being ſo affixt to each 
rable, that it-may molt caſfily .be rurned abour- its centre. -: 
” Fourtbly, Almoſt in the ſame manner, in thar circular ſuper- 
ficies whoſe half partalways appears divers ſmall lmages may be 
affixt, ſo that they always remain aright, by means of Tin, or 
ſome other heavy thing added to their feet, and in going for- 
ward they may ſhew the:quarter hours, &c. _ _. 
Hitherto, we have added; no Wheel,;. but if we add; one or 
two, you will. attain many fine effecs.. Firſt, . a toothed wheel 
' may be ſo placed on the vellel, that its axis may. fall-right on 
ir, and on the extream circumference of. the veſſel many iron 
ſtiles may be put, which while the veſſel is rurn'd about they 
move the overthwart wheel placed: above, by hitring againſt 
ics-reeth, moreover you may: conſtitute a Load-ſtone , on part 
of the wheel placed; above ; .now if you faſten an Image with 
a. wyre, with an iron ſtile in it hands, according to the motion 
of the Load-ſtone, it will ſhew the hour, &.. :..... | 


” 
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Problem. XIX. } 


To make 'the Indexes of Clocks, ſo that” thiy Jeu, teſe ibe 
ot only Circular, but any other Figures by their; motion, 


TF any one would adorn the Index. of a Clock with the 
FI .Arms of ſome Prince,:or City, to. diſpoſe it. in. the form of 
a ſhicld,.of a, heart, of a croſs, ©:c, ſo that the ſame being artif- 
cially , made, or a ſmall image, or. any, other. ſign .performing 
the office: of an Index, the numbers of the. hours. being in- 
ſcribed on the parts of its figure,. in whatſoever arder they 
are diſpoſed: in, it. will ſhew ſucceſſively ; or- that. an Eagle 
with. its: bill, or a Lion with its tongue, &c. There are divers 
Artificers.in Father Schottus Technica, Book 9... Chap.  5..the. moſt 

uſeful whereof we will here impart, . de wn 
Fig. 155. To deſcribe the moſt difficult figures of maving 
Indexes aflume the artifice of a Parallelogram made in this man- 
ner: Firſt, of ſolid matter, wiz. of iron make four rules A H, 
AK, K L, HM, which in.the points A, H, C, K, ſo join with 
curious {mall pins, that the ſquare may freely be ſtretched 
wider, -or :Contra&ted narrower ; then. to thoſe portions or 
parts ſtanding out on each fide C L, CM, join by the ſame ar- 
Gg 2 titice 
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tire ds rules,” but Thetrer, arid] if you will, Jecrtss 
ſing in che far -pteporrieh, and In the” corificfting vr joyning 
freely turfihgs NT Sf13 4(11 Roe? \ 
" Stechdly, Oh thidt Boe of the Tridex thir lies: hid towards the 
Clock, cOnteve a hidden r6othed wheel CDEFGB, to wit, 
ſoras thoſe Indexes that are Worit commonly to. turn once in 12 
or 24 hours, in this being tide Hollow, 'or any other way 
ficted; uhderftnd- 4 Male Chantiel 'A © fo that within it a 
little mail; 'or Pin CG, tay Ge-par Nicking out from the Piralle- 
lograth'towards the Wheel, arid thay run 16rd Again, this way 
and chat Way; without refiftance. | | 

Thivdly, Fix a fmall pi A' in the Center of the roothed 
Wheel, and then berween it and the orher little pin C, which 
ought to. Ftitr in the Fe channel or grovv a Spriheg, or fome 


© 

itipulfing Spire, being pic between by a Wyer of 4 comprerene 
One by the bes Les wrelthed Cylinder {erew, draws 
ing afide as much as 38 reqtifit the Hittk' pin' C, From the other 
fixrt_pin_ A ;..which Spire . pertiaps may. more conveniently be. 
made of a Serpentine plate drawn and'/bowed. | 

Fourthly, Propoſe now ' ny figure which you would have: 
the hour index: deſcribe with its. point ;. ſuppoſe a- Hexagon, 


gare ofix. fides.: Cur then: inthe. plane- of- the Index a fix: 
PS - GR ofe Center is. A.. Rs 
Phy. Vpon the Whole Parallclograth, and” the Role thar is. 
cur, place ſome figure, as of an Eagle, or a Dragon, &c<. fo: 
tharits heck rouch the 'rextare of the Parallelogram and hide- 
|, and cc other part: of rhe _ —— over. to the hole- 
That is cut; Moreover that Parkltclogram being ow *n the- 


Teck of the figure by. more of rhe ſxyme Rules placed berween, 
in che fkenels of 4 ner, and move artificially. after the manner 


of fearttets, 'or the Scales of a fiſh, ©&c. 
The honor Wheel then trtercepring the pin C' in its groove, 
*carries it a long wirh'it 5, atrd” this. from the drawing preſſing: 
plateÞplaced 'berwerth A'C, 2ht'the "Eur, © Sexattgulitr hole, 'or 
included berween other limits, will-'eauſe 'the Eagle, having 4. 
crown;croſs or ftarion its head!'or a Drigon with his tongue or 
ſting, ro- deſcribe the ſame figtre, and to ſhew the honrs'de- 
ſcribed*in its limb.. . | 
In the deſcribing of *other figures, - as:of a thearr, a rofe, a 
thield; '&c: the Tonduftrions will fiad ft eafy ; another Triorion 
way calily'be given'over andabvve, 'to. a Lyon, anho;. = Or a: 
| | ak | . - ragon,. 
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Dragon,. &c. that this ſpread his Tail, that toſs jts Spires, the 
_ _ its wings, &c.. and that ejuher by the {ame artifice, 


or otherwile. 
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Prcblem. XX. 


A— E—_— 
. 


To perform the ſame more Compendiouſly. 


Ate the foreſaid Artifice is univerſal, and exterds it 
{ X. ſelf ro many figures, yet:this preſent. Propohtion may be 
reduced to prattice, with leſs charge and trouble, eſpecially 
$0 the eaſier ; as Ellipſes and Polygons, and moreover may: be- 
applied. to other Paradoxical affections. . lied 

Fig. 156, Let ABC be a rod. of mettal, having; a' round 
hole in: A, but.in C where it, bends, , ends.in a.linle ring, or- --:. 
other erett hole C E, through which a7 $ another rod DEF, .--- 
which bending in the like litele ring.F B, and: in like : 49an- 
_ ner made faſt to the former rod, and clofe or rouch each other. 
fo lightly, chat they are .carried; on one within the other to-+ 
and fro freely ; in the.end D as made an arrow; a little. Star, 
or other;ſuch like ſhewing Apexs. p 
-. Secondly, Underſtand in that plane in which the. number of 
hours are inſcribed: ſome hgure, iz. a'Square to be deſcribed 
GHIK, and-nigh to its de ny cut a Channel or groove of 
any depth; and..its breadth,. fo that. ſtanding out from the lizetle - 
ring .it may receive the. point. B, that it. may. run-. freely: in its: 


Being placed: then, -and-fixt- ta the hole A in the Centre of 
the quadrate; and- ro the ſtyle B in the ſame cavity, if this 
whole joining together 'of the Index in the. point A be turti'd'! 
about by the Axis of ſome Wheal; or kd:abaue circularly any 
other way, the 'end D-mult-needs. deſcribe a Square' figure, or 
. another after the ſame-manner,. asisthe Channet ia which the - 
Ryle B is led:abour... TI W971 En 

Note, Firſt, the ſame Inſtrument: may: be maze . ingenioully 
made of two rules, in one of which a lutle channel's drawn» 
out in length,..and the curſor runs-to and fro in the other by. 
turns; but the Artifice may be ſo cover'd, that: the coneraQion - 
and diſtenſion of the rules cannor-eafily be noted, in producing. 
the. rule. DE F beyond.the cemre A,. &c. | Secondly, If between 

the . 


— 
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the rings E and F you pur a wire, or a divided plate of metral, 
it wHl not be neceſſary ro hollow it in the plane, bur'only cur it 
out from the thicker plane being laid upon the' other, or by 
the-rules-thar frame-the-Poligon. - —- ------ - 

If you atfeR Paradoxes, hence you. may eafily deduce, Firf, 
that by the continual drawing and revolution of one and the 
ſame common compals, .you may deſcribe a triangle quadrate, 
&-c. for if one foor of the Compaſs be fixt in the hole A, and 
and the other firmly lay hold on the Style E ſticking our, and 
being led abour by the compaſs, the ſtyle will deſcribe. ſuch: a- 
nother Figure D, and was the lictle hollowed Channel, or ano- 
ther ſuppoſed plane terminated by acertain figure. 

- Secondly, If you would deſcribe a circle by the fame openirg 
of the compaſles, .and nor from the Centre of the Circle,” you 
may do it almoſt in the ſame manner, 'which doth not require 
thar the point A'with the foor* of the'Compats be in the mid- 
dle of the figure, as is manifeſt, Ee ns 

Thirdly, you 'will increafe the admiration, if you add the 
deſcribing a Triangle, a Square, an Ellipſes, &«c. greater or 
leſer, with' one'opening of the Compaſſes, and you 'may cffe& 
it thus;' Produce the'length D E'F rowards A, and let the littke 
ring or Curſor BF, have a ſcrew, or turning joint in F, that 
the 'compaſſes remaining at" the ſame diſtance; and only the 
relique DE F' being drawn from, or inrruded from all rhe reft, 
and the foreſaid turning joint may be faſtned in F;: More may 
be' added by the Ingenious. big 
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Problem. XXI. 


To make and incite a Chronometric Index to an Elliptic 
'* figure, by a certain and peculiar method. RI 
ol; - Letioughs both- the *foreſaid Artifices ſerves ro deſctide 

Ellipſes, yet the Author adds another, raken from a pe- 


GEES IF, 22 WEFce- ty 
es nag ABC D, this is boared through in the middle 
ay round hole HEF G, and moreover cut in with four flits 
21? 
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at right angles which are. E, KF, LG, MH, and join'd to- 
gether with a round hole, the lengrh of che flitsis as 'much as 
the Semidiameter of the hole. 
"The other Plare P Lis circular, which hath on that part fome 
Index which is laid open ro the view' of SpeQators,;. being pur 
upon the former ſlits, and therefore rouches' the” foreſaid hole 
ofthe former plate: | FLO: | 
The third plane of the orb is IK L M, touching the ſame 
* hole on the other part of the middle, and of the flirts of the 
lar, and this therefore lies hid all within ; its'Centre is the 
Eine wich the Centre 'of the round hole, 'and-ir hath Gluedior 
Soldred to it, rwo Segments' dbove atid below the Centre, be- 
Ing cur rhreggn by A circle, on its FERphetys thar perfely fills. 
the fides of the*hole, and razes' while they turn within the 
hollow of it ; the thickneſs of theſe Segments is the fame asthe 
ſlits of the'plate; with which they are'therefore equal and alike. 
The; conſpicuous Orh PE hath irs (Centre in- that poine, 
which is poſited m the Periphery of the Segment HE; Glued to 
the Kiddeni orb MIKL ; In ply is madethrough each 


orb, to wit,the conſpicuous P L,andthe occult M 1K L;to which 
hole afterwards a ſmoorh little pin is pit;to join each orb freely. 
In' the'confpicuous'orb' PE on one face which beholds the 
middle, or flirt plare, are fixr rwo little round-nails T and'N, 
of the ſame thickneſs as the breadth of the ſlits, within which 
they-ought-to run to and fro moſt freely_; the length or height 
of thie lictle nails or pins. is the ſame as the thickneſs of the ſhes, 
and the plates, or ſomewhatHeſſer, leſt thy rouch the occult orb: 
through thoſe ſlits, and raze it in the motion ; they are diſtant 
from'each-other che interval I N, equal rothe diameter of 'the- 
hole. | | 
In the inner and occult orb make the hole R ſomewhere, 
into which enter ſome little nail ſticking out for that end inthe 
-diurnaF Wheel 'of the Clock, whether'it be tarn'donce in-z2 
or 24 hours, - the'Centre'of which Wheel ought/exaftly ro 'an- 
ſwer'to the centre N of the hole -HEF G,and alſo of the occult 
orb TK:'L M;;. the diſtance of the: hole R,. and of the little Nail 
anſwering it, will be the,ſame viz. RN ; it is the ſame, if in the 
diurnal Wheel of the Clock'a hole be, bored through, and:in 
the point R of the orb a little pin anſwering it be fixt. 1 ; 
The forefaid pin then being entred in the. hole R, will cauſe- 
the occult. orb I K L.M to. move. about, being laid hold on 


by 
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by the Wheel of the Clock, and will carry.it forward. from 
'R rowards M; ard at the ſame time a hand being formed, 2 
Lilly, the Sun, = ſuch like, © Index ts Nag: for- 
' ward to the oppolit part, by its apex deſciibe the, Elli 
A BCD; -to'which hours unequal ſpaces are deſcribed PIT 
ly, which nevertheleſs are finiſht in equal time, to wit, hourly, 
by the Index. Ws, Fr Rn 

Since the-conſpicuous orb P L, on this face, On which 'ris 
beheld, is alrogether plane and; whok, yon may for orameny 
inſtribe } on. it, icither the Effigies, of, the 7 Planets,:, or _the 
figures of the 12, Signs, which, andecd. have na other uſe, thap 
char they :are- tarned, abour; wonderfully ra, and, fro with the 
-otb,” thar-he that-is / ignorant of che ſtrufture, 'and its make, 
can hardly conceive ir, becauſe that che orb is moved with 2 
dowble motion, -one by which. its Centre Sr carried circularly 
about to the Periphery of che hole, E FG H, and. the other 
Ellptic, whereby, the-ocher, parts of the orb 2ie carried... . 
;\»The-Internal F-H berween the two Segments is therefore 
1c; rhar the; lirle nails 1-and. N may, pats in a_xight motion 
chrough ic-diamerically oppofit without obſtruttion from one 
Alir roiche other. See Guidubaldus ; i» the Demonſtration of rhe 
Plamiſphere, and Bettinus:bis Comments 0n the 28th. Propoſotion of 
-the 6ob. ;Eleinent of Euclid, ' | | 
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Divers ways to make a right lined Index to ſhew the hours,or 
quarters of hours, by a right motion, aud then to return 
28;6/i 58. Ake a plane Wheel ABGCDEF, whoſe middk 
a> Fry 1M -part DEPA & furnifht with teeth, but. pone 
:32nthe other parrs, 'the axis AG HD lies direftly over, orypon 
the Cemre, / or diameter of this Wheel, 'carryingitwo taothed 
"Tympanes A:and D,-alſo rwo-roorhed Wheels.G: and H, which 
:4IFfirmly . adhere-ro the axis A D : Thirdly, make the iOblq 

1K LM, 'three of its Gides being of Solid mertal, .and the fourth . 
KM is dofed by: the! figure of the Sun, or any other fign, i MoV- 

"ig forward by a right lined Index, which nevertheleſs may 
'be placed moſt conveniently in the middle of the oblong ; 


” 
tn 


J Ld @# z 4 Mk. 224.46 | 


Fourthly, 
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Fourtbly, to the two longer ſides IK and LM, make. the teeth 
of the Wheels G and H to agree to the teeth of the other, wiz. 
10 the'face:of thoſe ſides which the Wheels: G and H behold 
and' touch, for that oblong is conceived to lie upon the Wheel 
G and H, and theſe to cover overthe ſides IK and L M. | 
The half roothed Wheel moving then in the firſt place from 
A towards B, will move the Axis AD, with the Tympancs 
and Wheels in'the ſecond motion, with ; which. in like, manner 
is carried on the oblong with the Sun K M from K towards B; 
and the length of the fides I K, LM of tecth ought tro be in. 
the ſame ratio to the Wheels G and H, as the Semiperiphery 
DEFA to the Tympane A or D equal to it; Secondly, and 
becauſe the plain Wheel is furniſht with tceth only in the 
middle part, which begins to impel the Tympane A Firſt with 
its teeth, rhe Tympane D oppoſite to it is hindred by none, 
much. leſs when the whole axis and Wheels are turned, and by 
an unanimous conſent both wheels G and H the ſides of the 
oblong, are ſo long forc'd forward by an uniform morion, ' as 
the channel'd Cylinder A is impelled ; 7birdly, when firſt the 
toothed Semicircle approaches tothe Tympane D, and begins 
rofet its reeth, in. it, in the ſame moment-the ; Tympane. A. is 
freed from the force of the teerh, and is turn'd ro_the oppaſite, 
part, being led -by the other; from whence alſo the oblong 
removes the track out of the way tothe oppoſite part, as long. 
as the toothed Semicircle forces,, which it ought to perform 12 
or: 24 hours, or, if you pleaſe, bur .one hour : Fourthly, this: 
whole artifice is hid beyond. a certain table equal ro the oblong. 
of the Index, which therefore is divided -.into ; 12 equal parts, 
or' hours;:;and the ;number of the. hours are deſcribed in, a 
double row, the uppermoſt of which from r. to 12 ſhews-the; 
 Aſtronomic hours from: Midnight co Noon, and the lower from 
Noon. to Midnight, or otherwiſe. DEED 
It: may be; done; caſter, for the weight, in the ſpace, of, time 
iniics deſcent 'of the-;whole height, either in. a; plane'vertically, 
ereCted-in ſome-place, the ſame horary intervals may be de-. 
ſigned; and: the. ſame perpendicular . motion. of the, weights 
may eaſily betranſlared into an horizontal one, by a Pulley pur. 
between, on; which pur a ſmall chord, and bind it to the de;, 
feending weight; or it you find that inconyenient, fit a Pulley, 
or Cylinder, in /ſome; Wheel of. the, Clock, meaſuring time: 
by is: motion, for a Chord. being folded. to the Cylinder ac-: 
pool. © H & EE 97 "On 


234 Mechauick Powers. Book IX: 
cording to the various magnitude of the Pulley, or to the nuns 
ber of its tevolations made in an hour, will give divers horary 
ntervals in rhe plane deſigned on the Walk or other plarie of 
4 competenr length, in which, if you '\pteaſe,' you may ' Hide 
the Artifice, 'and within or behind: the cable of the right lined 
Ind:x you may place a piece of load ftone from the ' weight 
by the foreſaid lirrle chord to -move forward flowly being 
looſe, and wichonr the table; inthe fight of every one, iay' be 
moved by the hidden load-ftone an Iron. gift with the Sun; 
or Phaeton ID a roſey Chariot, a Chamelion, or a kind os 


A — 


Problem XAXIIL ; 


7o Effet the ſame another way more' ingenious thaw the for- 
__ —_ | 


Fig. 5B uſe the forefaid Author appoints im the fr 
Bah 15} 1 _praCtice, thar the roothed oblong forcing the In- 
dex, and lying hid behind the'rable, while "tis Conveyed to:and 
fro of rs own accord, requires another Ipace equalito the ravle 
w which it allows and-extends it felf: and' in rhe hatrer way, 
whether he appoints it by finite or perpetual Chords, he doth 
ir either by arcra&ion of fmall Chords, or of the Index by a 
fall chord, from whence *tis moved forward, therefore Thave 
chovght 'on the” following 'way' whereby -both thoſe defets 
= remedied.” 2919: "L920 4 roonl of 

© Fer rherefore the whole lengrh of the table of -cthe' righe- 
lined! Index, be, A B, or CD; take a chord; or ſmall rope, fix 
times the length of A B,and Join the ends to make it perpetual, 
as EABFDCE; Pur. this abont two. Pullies, or CyKnders E and 
F, moving freely about their Centers, fo-that-the- ſmall Chord 
pats occultly under the upper border; or Hnb-of the table AB, 
and of the lower C'D ; Secondly; ket there be-alfo: ſome Index 
ds G, 19 fitted that it may move 'forward''to and fro through! 
the whole length: of the, table frecly, which may .be done 
thus; it may ran” to and fro within rwo lttle Channels, or 
grooves, cut in the upper” and lower tmb- of. the rable;'oriby: 
two other metalke"C wor, wyers, ſtrongly extended-ard 
hang in the Tame limbs; and it {trains chem BahPanid 
'- hp. hn Id . Fi ole- 
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looſe-hile holes, 'or rings, through which the chords are tran(- 
"es ;'then the Indo” "wif be moved forward in ek 
channels, or wyers; perpetually by the little rope to and fro in' 
this manner : Becaulc the perpetual lictle chord is fix rimes the 
length of A B, divide it into fix parts, as AB, BF, FD, DC, 
GE; E A ; moreover in the three points of divifion A, F, C, 
omiting one interval, or ſpace, bind or faſten juſt fo many in- 
forcing flexible obſtacles with this condition, that - paſſing by 
the perpetual ſmall chord through the two looſe rings of the 
Index G, viz. of the UPPEr and lower, the. obſtacle hittin 

againlt che ring of the Index moves forward the Index ; and 
the Index, arriving and conſiſting at the extream fide AC or 
BD, the obſtacle being drawn by the perpethal chord, never- 
thele(s going forward paſſes through the littke ring of the In- 
dex overcoming that ſmall matter of reſiſtance. To this end 
you muſt tzke {mall ſtalks cur off from the Quils of Birds, or 
Horſe, or Swine's hair, or the ſtrings of a wood-like White- 
thora ;; then theſe three obſtacles being conveyed overthwart 
by the. perpetual chord ip the points A,F, C, and fixt; con- 
ceive now one of the pullies E or F to be annext with ſome 
wheel - of. the.Cloek, as" with the diurnal when you.. would 
have the Index to be of 12 or 24, hours, or with the hourly, 
or quarterly, &c. if the Index ought to be hourly, or,of aenh 
ters: Let it be hourly, and either of the pullies E or F to move 
regularly circular . by the, hour wheel of the Clock from 
whenee- it will be incited, or by, anqther. perpetual chord, Or 
by.. @ toothed Wheel, &. And make the. motion' of the 
Pulley, and of the perpetual ſmall 'Chord, furniſht with the ob- 
ſtacles, or ſmall ſtrings, or hairs, the upper from B to A, and 
the lower from C ro D. Underftand-now the Index G, to be 
brought by the horſe hair, or other ſtring A, from BD ro AC; 
Then becauſe the Index cannot pafs further, the horſe hair 
natwithſtanding being drawn by the perpetual chord, .it will 
paſs through the ring of the Index, which it will ay hold on, 
and will paſs forwards towards E. At the ſame time the hair 
or ſtring C applies to the lower ring of the. Index, and the In- 
dex being free from the former hair A, draws it back with ir 
{elf from C rowards.D, then the Index bictng againſt B D the 
Margent of the table, this lower hair will paſs through itsTing, 
in the mean while the other hair F is now found above, which 


Index that it may remove it forces away, and this Teciprocation 
Hh 2 'Of 
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of the Index enduresas lopg. as'the mation of the Clock, if you” 
diligently obſerve what follows. WAY: 25 Ft 8. En 

uf, Obſerve the Compendium in the beginning of this 
Problem ; for .wharſoever 1s without the rable A B C D of the- 
Index, you will contra& to a'leſs ſpace, if you wind about the 
Pullics E and F once-or twice thoſe portions A E C, and B FD- 
of  the- perpetual chord ;. for in this manner thoſe Cylinders, 
or Pallies, muſt needs'be moved. near to the table of the Index; 
and always to-its top, as the Centers of the Pullies E and F an- 
twer to the extream limbs of the table A C and BD: 

Secondly, to continue that reciprocarion of the Index with- 
Our. any, error, you muſt rake. great. care that the precedent 
obſtacle, or hair, paſs through its; firſt ring, and leave it'before- 
the ſucceeding one fieze his, which you may-eafily obrain if 
you do not permit the. Index to cometo the extream terms A C' 
and B.D, but a lictle before it rouches them, *tis forc'd to ſtand 
fill, and is freed from the former mover, that the- other com- 
ming too, which was. firſt 'difpatcht.by- the former obſtacle, 
may find. out the Index, which . '\will be done in'. a- ſhorr 
tume; - | 

Thirdly, Becauſe at the firſt afpe& of this Index you-canrior 
know whether. it goes forward'or backward,therefore the thing: 
may be ſo ordered; that one-Index in going may. turn to the 
ſpeRartors.a:face of. one colour, and- the-other in retarning a 
colour contrary. to- the former: IF yer the-number of hours.or: 

aarters, above, be gone: forwardfrom A to B, and the lower. 
on: B C, it will be knowo-preſently ar: the firſt aſpet, whe-- 
ther the Index: goes forward or backward: "ey 


—_—__ 
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Problem: XXIV.. 


7, o make: he ſame power which moves, the hour Index to ſtrikes 
the hours. alſo. 017, 30; 01 C3 


Ather. Schettws, thinks it may be done by a: ſpring; or ſteel: 
-. ſpire ;; for {ince each fpire after this manner hath rwo ends, 
Gentral. and circumferential, one of. which being: drawn, each- 
returns to.che.oppolir parts; ſays he; one-end; wz; the Central;. 
may. force the Wheels of. the: Index; and the other the flriking- 
Wheels, or the contrary ; And. he afficms. that. the irregular 

tOICe- 
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force and: reſiſtance of the fpire may be made fic by the artifice 
delivered by us before, notwithſtanding this mult be diligently. 
obſerved, that ſome cerrain rime mult be, appointed. by the: 
Artificer, wherein the Clock is:to-be drawn/up, and then ac- 
cording ito the number 'of Pulſes! of -icach. hour the other; looſe 
end. will/be made fir, the: Coneiof this. other end forging the 
chronometric Wheels ; Bur' in this: pratice ſome difficujcies-0c- 
cur; wherefore' eſteem ' the following pradtiſes-' of , the ſame. 
Author more apt. | 29 
Fig. 124. Firſt, therefore conceive in the Figures. of Probl. 
24, the rwo Pullies A and-B, to: be fitted to! the rwo whirling. 
ſitems of the lower Wheels, that is; to-thetr axes; one, in» 
deed+ ro - the Chronometric \fyſtems,| or circemagent. Index, 
andthe [other':to the: ſtrokes ' deſigned ;., for, 'tis: (manifeſt 
from the right : underſtanding. of hanging of- weights,. that 
one and: the: ſame weight D ſerves. both for the- carrying; 
about the Index continually, and to-the ſtriking of the hour 
Wheels..” | | 

- Note, Firſt, the Pullies A and B in. Fig: 124. muſt be under- 
Rood to. be fo placed as you;ſee them deſigned in Fig. £25. 
Note, Secondly, if you do-not; make-uſe of: a, a : 
bur a.finite, then. you! muſt conceive that Chord to; be perperu- 
all diſſe&ed; and to: each end a weight, or poyſer,: to-be: hung, 
ro continuethe Chord: within the Pullies-A- and B. Note, Thirdly, 
both ways here requires this weight D to be as-heavy again, 
as that which is ſufficient to. carry about--the other Wheels alli 
at Once :. If therefote.to each. ſingle weight: that, motion ſhould: 
be effected; you may. make uſe: of this following) ( although- 
more laborious ) practice. of 2637 Fit a3 of; 

Fig.. 160: Secondly, make the Axis AB ſtrong, and like a tree; 
. or Cylindric, and ftabliſhr in the points A and B, put on to- 
this two. toothed Wheels C D and-E F; each of which: fholF 
have in irs Centre a Cylindric Tube A G-and BH, join'd or faſt- 
ned together moving. freely, about their Axis A B:  And-ro the 
ends-of theſe. Tubes G: and- H, mnſt-be faſtned- alittle : orb, .or- 
Jagged Wheel G-and H, having bur few: jags, or teeth,cas,12 or 
16, but. very deep; Thirdly, to the ſame Axis A B, between each 
Wheel tn the middle place, put the Pulley K I made hollow for. 
receiving the Rope, .to. which hat one only weight. muſt be 
bound, and.this. Pulley alſo muſt. be moyable about the unmovyed: 

Axis; 
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Axis AB; and irithe Baſes orÞlanes which behold-each Wheel, 
milt'be Bolts or Bars; "on both fides the ſame nuniber, 'and 
made by the ſame Artifice on both fides ; Feartbly, the Bar 
therefore ML,” whereby the Pullies are jayn'd rogether, hath 
firſt of all a Hole, through. which and /1he! car or \ ring imade 
faſt in 'the Pulley; -paſſes- the lirle round 'A xis, moving freely 
in the-joints forfaking that;Bar : The ſame Rail or Ban: cowards 
the Axis' of the Pilley, bolds out a Certain hook;'or little arm, 
athwarr, as in Leavers full of corners or nooks; and-laſtly, to- 
wards the other end L 'cis bent like a hook, or bill. &f),, 
the Rails or Bars being firted' in this manner in! che-ambir of, the 
Pulley in any number; as z ori 4) fo.that all rogecher they anfwer 
the” Jags' of the Wheels ''G: and H,  underftand berweer the 

lirtle Wheel G; andxhe: Pulley Þ'K, dome Lilly, 'or like 
fower to be put, cut out of a:rhin place of: mettal, whoſe: tie 
tle Leavers ſticking out rowards the Cemre of the Pulley, preſs 
the points or Irele arms of the Bars or Rails, thar in thismay. 
ner the bars L M, ſtrive or ſtrain always againſt the Cuts-of the 
Jagged Wheel;and the ſame is done by the face of theorherPy]. 
-hes. - Sixtbly, tothe Tubes, or hollowed' Axes of the toothed 
Wheels, 'myſ>Þe put ſome Cylindric Segments N-and Q,  upbn 
the forefaid©A xes/or Tubes, movable treely to and fro; 'and 
Join thera 'ro ſoine firm! Beam NO PQ, thar'according to the 
motion of one-Cylindric Segment, the other may be moved 
with a reciprocal motion. - Seventhly, make fome ballance CKE, 
movable inthe-Centre K, above which the! half roothed?Wheel 
45 conveyed: with' it; | whofe teeth: anſwer to-the lits or cuts of 
the:Beam OP; A lick /arm- is ereRted/in the upper parr of rhe 
fame Ballance anſwering the lirtle rongue, or cock, of common 
ballances, to this is afixc the Sphere R of-2 comperent weight. 
Eighthbly, 'to the Tube or hollowed Axis of the Wheel CD, is 
put the little: 01b- A, or ſmooth Wheel, movable rogether 
with-che:former, \neverthelels ir hath in ſome! certain 'place of 
irs Periphery one! triangular tooth. erefted: of unequal fides,and 
-of ſuch form-as' you- fee-in Wheels,” with Jagged,'-or ſaw-libe 
'recth,-fo thar'it's Hypothenufe rifes up {knderly from the ambir, 
or Periphery, and at length-is'ended in the precipice of the 
Cathetus, this little tooth abour/the end of any hour, lifts up 
flowly' the little arm'C, then. when the ballarce CKE'is in- 
clinedir-pulls up che little orb A. | 


Theſe 
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' Theſe rhings thus, prepared, underſtand Fiz, tlie HoronigttiC 
$hRetn ro be the faperſtruRure gf the toothed wheeP'C'DY, ani 
the fyfient ferving to exctte the ſirokes is'of 'the other wheel 
E F; moreover from. the pulley 'K I'is hiing 1ome''compe- 
rent. weight by the' Artifices propofed before in Problem 
the 2d. | £3 9 q 4 Nt 

Secondly, Underſtand , the ballatice CK E with the weight R 
to be inclined rowards the chronomerric Wheel T'D; for fo 
i will come.to paſs, thar the” Wheel! half roothed” K" for- 
cs. the Beam P'towards* the' frne* rootheds Wheel 
C.D, ' and togerher*. with the Beam,” each'' Cylinder” N 


and Q. | 
ary) , One, of the hour Cylinders, viz. N, when in this 
gatiner it. goes back” from the weged Wheer it thruſts 
down alt thoſe hooked” rails or bats irs intiions 3'and' by 
mie Fonraty reaſon the Cylinder |'Q& being moved' ro the Jags 
Y Wheel H, lifts up all the rails ot” bars on that parr, fo bs 
e fagsin the little Wheel” H are'in no-wiſt lai hold-on by 


them. | | 
 Fourthly, When in; this manrer' the. weight hung from the 
cottmon pulley: hink' a od C5 The Wheel CD, atid 
none with the other Wheel'EP, that Wheel only -will-incite; 
and not this, and that will be' dotte m 'an' hours fpace, until 
the tooth ſticking out in the link orb' A, begins wo rake up 
ſlowly the lictle arm C, and with- it the whole batlance CE, 
and allo the weight R._= ET OT 20 
Fifthly, The weight R' being indlitted” beyund'the' line RR 
towards P, ſuddenly ruſkes to the oppolſitepart with thecock of 
the Ballance,and together with the. half roorhed Wheel K, im- 
* pels the Beam OP, and the Cylinders N and Q towards B;.. 
wherefore the Cylinder N lifts its hooked Bar, and the Cylin- 
der Q lersit down,and this being received within the jags of the 
Wheel H, make -Kl.wich the. Wheel. .E. 
its Wheels pertaining, to the ſtriking, which unlocks the arm. 
K E, by a certain Leaver which the Figure doth not ex- 
preſs. 
Sixthly, The hour being declared by ſtriking, the ballance 
C.E.is again lifted up with the weight R, to the oppoſit part 
by inclining rowards O, and that is done by the Phonota&ic 
Wheels, eſpecially by thoſe which are thruſt on immediately 


from the Wheel E F, and which for every blow or ſtroke is 
Wonr 


% 
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want to. go once round, and carries in it's Axis a certain heart, 
by. help whereof through Leavers diſpoſcd to. thar purpoſe,. ic 
may be,done very cafily, :the Imperus of the Wheels approach- 
ing from che colle&ted motion. - TIE | | 
; Note, Firft, in ſtead of the Pulley K I, a toothed Tympane 
may be placed, which may be moved by another inferior 
Wheel, and it's weight, for the fame effect will follow, by in- 
A -the weight of the-clockas much: as the. thing requires : 
Norwatiſtanding the forces of which may be hindred by a 
{pring, or ice Dire, but only in a fixt, or ſtanding clock, for 
In a portable one- the fame foundation remaining of ſhutting 
by the bar LM, the other furniture of the Leavers will -be 
otherwiſe diſpoſed ro work changes. Secondly, when the Pho- 
-wotadtic Wheels are inciced by the weight,the motion of the Index 
ceales:the 1ame time,” but after, thar manner that . either *tis of 
it elf bur little, -or. *ris compenſated from elfewhere ; alſo it 
may be ſo made that berween thoſe Arickings the Index .ſhall 
not move forward at all, but the more free deſcription of: the 
artifice, the brevity of time excludes. Thirdly, if the Chronome- 
tric Wheels are; incited nor by. a ballance, but by a. Pendulum, 
the Artifice may-be ecfleftcd. cafily, that that may be appre- 
hended and-included:in the urtermoſt term of its arches, and 
then- the weight being reſtored to irs Wheels, 'tis unlooſed into 
Vibrations,otherwiſe the motion of the Pendulum once ceaſing, 
it cannot be ſtir'd up again by the weight only ; the reſt I leave 
to the Ingenious to Conſider. Thus he. 


1 Andequly.ehjs praftice is very ingenious. 
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Problem XXV. 


To cauſe any flrong blow or ftroke uſually ftrick on great Beds, 
by a Hammer, and by great Weights, to be  effedted by. 
much leſſer weight, and fewer toothed Wheels. 


Fig. 161. Et the Wheel ABCDEF be divided into 6, 8, or' 
| more parts, in the diviſion.of which points make 
ſo many joints for certain equal arms and equiponderant hams. 
mers,or Iron'balls,or Globes,to be fixed, yet ſo; tharthe motion of 
any arm run not' out beyond the quadrant -of a circle, wiz. 
DGH: To the Axis of this Wheel place a Pulley with'a weight 
and 'on= toothed wheel, which ſhall turn - about-a certain: axis 
with a ballance, to retard the morion of the whole:Engin,:and 
alſo the imperus caufed/by this ballance, &rc: WS HIES 
| © Rails or Bars then being advanced ſhutting up the-morion of 
the; Engin,” after which ſome. hammer, .to 7wit,''D/G- muſt be 
conveyed perpendicular ro an. Horizontal fite,and'a little be. 
yond the hammer falls down with a force, and deſcribes: 
by its fall the arch G H, and on the brim of the objected Bell 
ſtrikes 'a ſtroke, or blow, and becauſe: it -touches only. the 
extream of the Bell,”*ris preſently withdrawn by the: Engin 
from proceeding any farther, otherwiſe: if the hammer- ſhould 
reſt a little while, ic would hinder the found of the Bel, ſome 
ſteel plate ſhould be pur between by the fide, which - ſhould: 
draw the Hammer immediately from the bell, and not - hinder 
it from tending downwards: And in this manner,-much-:leffer 
weight being diſpoſed, forces che. Hammer and makes the-ſtrokes 
more valid, becauſe the Engin is as it were-Zquilibrared=z. The: 
ſame may be performed by Iron Spheres, or Globles, falling 
from on high on the bell, which Globe is: again raiſed ror: the 
height by a ſcrew with a ſmall power. Or ſo many Globes 
may be placed in an upper place, as are required for all. the 
ſtriking of hours for the whole day, as alfo ot each hour, Firſt, 
a2e of them is freed from. the obſtacle that it may. fall on the 
Bell, afterwards two, and after that three, &«c. according, as 
the number of hours require: The hours may be adorn' i 
divers other new ways to ſhew the diſtance of hours, for | rſt, 
Ii if 
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if you would ſhew not only the hours, but alfo the quarters, 
you may do it by many fmall bells, "ro wit, make uſe of five 
little bells, whoſe ſounds aſcends by degrees in a Muſical in- 
creaſe or proportion ; and for the Trroke of the firſt quarter, 
the. meaneſt or loweſt;lirtle Bell will found. Do, or, ut; for the 
ey es et Do; re;. for rhe third Do, 're, mi, then follows 
the ffroke"of the Rour fol, ſol, fol," ec: fo often as the preſent. 
hour requires. - | | 

Secondly, the ſame may be effected by means of muſical 
Chords, «0. wit; if you extend theni,0n wtable made thin and. 


hollow: :einher-Paralicl to each, other,-or as .radius's meeting. 


; paint; ;and they may :beifo-firred-and;tempered that rwo: 
ed deny coetinning from rue and prg- 
ceeding(20- imperfect, for theſe kinds -of Harmony being 
incited, each:tour by a diurnal” Wheel with two chords, 
will ſignify the:hour decreed.in a bed chamber, - which may be 
heard in;a night -without [the trouble of -noiſe-;/:and the Im- 
pulſe of the chords:may-be'repcared. three: or four, times, leſt: 
the chearing be: deceived; if you-'haye'a ' muſical Inſtrumenc 
withikeys, You. may cuſe-a;-Phonotactic Cylinder dire to the: 
_—_ with aaweight thung1o it, :by which! it will be curn'd: 

IS MO 000t$ 17 

Thirdly, the thing-may be-effe&ted likewiſe by the Pipes of Or- 
gans,for if the: PhonotaQtic Cylinder be made and applied tothe 
keysof the Organ,and'the Bellows being drawn either artificially 
by -ſomhereafyErigin, ior bemg once drawn perſiſts ſo, and they 
muſt \deſcend by little and:iJictle cach hour! while the ſound of: 
hours'ts required: ro bei made. Jie 
- Fourthly,''the Strokes of the hours may be made by a military 
Tympane, or drum, and that mott eaſily, as ro any Induſtrious. 
perſon 'will appear ; yea, we-aftirm -ir-is-nor difficult by Engins 
toexhibicrto the(cears} any ſtrokes or: blows wont to be dechared* 
by ''f\ympanes; with as mach dexterity, (as:it:can_ be done. by 
thermoſtskitful Mutick Maſter, borch as ro the Celeriry-of the. 
blows and the difference of inequalicy' of Percuſſion, and alſo 
as to Harmony or the ſounds of: Tympanes in Muſical conforrt.. 
Lafly, there' is no Muſical Inſtrument, the. Tube . or Trumper: 
perhaps excepted, buriir may beſo fitted to a clock, as to make: 
divers Harmonical ſounds each hour. - - . >: / | 
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Problem XXVT. 


— —_— 


To procure excited Sounds at appointed times by many Ar- 
tifices. 


-4His Father Schotras teaches at - Propoſition the 25th. thus, 
T incloſe a Steel ſpire with} rwo little Wheels and a little 
Hanimer, within a little bell, and this lirtle Engin ſtands upon 
3 or 4 feet, and hath a little tongue ſticking out downward, 
by which the ſteel ſpire being firſt bent, the motion is imparted 
rH the little Hammer; If then the lirtle Engin be placed above 
the Index of the clock lying Horizonrally, or applied'vertically 
2Sowmr'the Centre of the Index; rhe feer of the little Engin being 
ftablifhr, and char little tongne- ſticking otir, dire&ed to the 
Tine of the hour which you delire 'to-excite, ther” the Index 
of the Clock being conveyed to the little rongue; andi opening 
the incloſure of the lirtle Hammer gives the-ſtroke required; 
and after that whenfoever you pleaſe to remove it you 'may/; 
and put it again to the little Engin. - ' -»- 11} ©1 91101 

© Fig. 162. Secondly,” if a Clock be required ſhewing'only the 
Hours, and' ro hang to the wall of xz room; In- the © wall nigh 
which the weight of the Clock deſcends faſten in A a little 
arm, or Leaver A B, movable in A, on the end of the Leaver'B, 
bind one end of a ſmall chord, than- to a little Bar. fixt4 C 
eaſt over the other end of the ſmall chord, ro'which binds 
little ſpar or piece of a ſtick C D; laſtly; faſten a rhirU little'Bar 
in E, within which and the end D of the ſtick put the light 
ſtick E D between, ſo that it may ſtick faſt between the little 
bar E and the end D of the ſpar or piece of ſtick, and the 
weight G being hung will therefore ſtick faſt, under which 
you. muſt pur a. braſs baſon, . ox fuch like bady_of ſound, ip 
which the weight G falling, excites a ſound ; then lift up the 
weight F impelling the Clock, to ſo many hours as you deſire 
it to exCite, for the weight E being ellapſt in a determined 
time, the ſtick being conveyed ſlowly to E D bares it down, 
and caſts ir downwards : And this obſtacle being taken away, 
rhe ftick C D being loofed ſends down with a force the weight 
G into the baſon underneath. 


I13 Thi dly, 
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Trdly, for excited ſounds for Souldiers, or Husbandmen, to. 
2 determined time,- you may prepare them eaſily in this man- 
ner, take a piece of match, ſuch as-Sopuldiers uſe, of one thick- 
neſs and denſity every where, try diligently how much the 
fire will conſume of it in an hour, then allowing the length of 
the match for as many hours: as you pleaſe, note the end; and 
extend the whole in length upon ſome piece of timber in an 
Horizontal ſite, and a little elevated from the earth : Then in 
the firſt (gn noted in the match, bind alittle chord,and tothe fame 
ſome weight, viz. a ſtone, and the other end of the rope or chord 
bind about and make faſt to. ſomewhat, as to.a wall, or a tree, 
&c. for it will-come to paſs, that when ic hath burnt to the 
noted ſign, it burns or deſtroys. that end of the little rope, and: 
the ſtone falls ino. ſome Vellcl or. table placed juſt under, it and. 
ſo makes ai noiſe. -. _ | RET | 

Many other ſuch: like may be thought. on-which may cither- 
be applied to-Clocks, or, may; effect ir, themſelves, that at.an ap- 
pointed time they may waken and raiſe up them that. ſleep by 
fome noiſe ; For in the firſt place all -kind of Clocks which we. 
have deſcribed; before, to-wit, which are moved.in deſcending. 
by'an inclined plane, that may eaſy, be done, if while they. 
comeroduch a line of the hour, ' they; run; againſt ſome obſta- 
cl; from: whofe' repulſe or removal, 'a_ ſound. is . made; or 
ſome other noiſe | excited ;. Secondly, we . may. obtain it by alk 
hour glaſſes of ſand or water, for being increaſed by degrees 
by-che-weight of the water or ſand: falling down, ir may be 
made;..that when it increaſes, to, ſuch a magnitude rhe, other 
weight ſhall prevail, which. cither liftsirup, or being , freed: 
from the Impediment ir- ſhall. fall down, &c, | 


Rroblem: 
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Problem XXVII. 


Divers Ornaments applicable to Clocks, and ſuch like 
Engins. 


HE Ornaments which may be added to Clocks, and other 

: Chronometric Engins, are innumerable, for beſides thoſe 
which belong to their Indexes, and the other before mentioned, 
the ingenious Artificer may eafily invent many other, fome 
whereof we will ſhew briefly. 

Firſt, a Clock may be made which not only declares the 
hours and quarters, but alſo the minutes and ſeconds, and thar 
either with divers litthe bells, or by a muſical Inſtrument of 
Chords or Pipes. 

Secondly, the noiſe of the foreſaid Harmony may be made, 
either before thoſe ſtrokes can publiſh rhe Muſical conſort, nor 
only in ſmall bels, or any other Inftrument, or alfo more to- 
gether, which may eaſily be done by Phonotaftic Cylinders, . 
as is ſhewn' before ; and not only by thofe Cylinders, bur alſo: 
by an oblong plane, to wit,if you have a thick plate of inettal or: 
-a'wooden table, tro which faſten fo many fmall boles, or pins, . 
and diſtane a due proportion between themfelves as the Muſt- 
cal- rone requires, ſo that while that plane is moved upward 
and downward to the right hand, or to the left, his ſmalt pins. 
ſticking our, hits againſt che Organ, or other Inftrument, &c. 
And this oblong plane may be moved here and there by a re- 
trograde motion; as is ſaid before concerning the Index of 
the like plane-at Problem. r7, in which caſe, norwichſtanding 
it behoves the whole thing to be doubled, ro wit, one 
anſwering to one half of the oblong plate moved in one part, 
and the other to- the other half in the return of the fame: 
late. | Eng 
£ That the Clock, or Inſtruments, may be rightly applied; 'the 
following things are to be obſerved: Firf, the toothed Wheels 
of Clocks which the Cylinder turns about, ought to be ſcituare 
' in the middle of the fame Cylinder, or in both ends of it, 
for if it be applied to one: en& only, fome- inequality eaſily 
happens to the motion, by the reſiſtance of raifing the Ham-. 

| ws - mers; 
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mers, or depreſſing the little hands, &*. and the Cylinder 
muſt .be exa&tly turned : Secondly, for each {mall bell (if you 
will make the ſounds- on' bells ) let-chere be rwo Hammers, 
two little hands, and two rows of holes in the Cylinder, to 
wir, that any note although ſhort in the rune, may be expreſt, 
when they are doubled, or repeated many times, for if thoſe 
notes be many, to wit, tailed or rwice tailed following im- 
mediately, it cannot; ſo well: be ſtruck: by one Hammer, aud 
preſently raiſed. Thirdly, the fewnels of holes for one touch, 
may. be, ſupplied by the diverſity of ſmall pins, more or 1els, 
ſtretched out without the .hole in which they are faltned-: 
Feurthly, to greater Hammers, or greater refiſtings of Elcvation, 
Poiſers or weights muſt be hung as much as need requires ; 
Fifshly, the lictle hands and ſmall pins, are moſt exactly of a 
length. Sixrhly, for accelerating the motion. of che Cylinder, 
thoſe wings which catch the wind, or ſmall weights inſtead of 
them, are.movable, that they may. be moved mire or lefs to 
che Centre of motion. Seventhly, when the motion of -the 
Cylinder acted by-weights, is ſlower in the beginning, a ſtay 
mult be put berween, of one touch, or a touch and an half, ro 
-gain the Impetus, -before the lictle keys or pins begin.to publiſh 
the ſtrokes: Eighthly, if the Conſort of mufick preceed the 
ſtrokes of the hours, care muſt be, raken that the key. opening 
the ſtriking Wheel. of the hour, be movable, leſt when'-the 
runes are ſome ſhorter than others, the ſtroke of the hour may 
be. a long tame expected. _ E 
.* Thirdly, as Indexes of Clocks, and other Engins, belong; to 
the Senſe of the eyes, and. of the. ſound rg, the hearing, ſo ro-the 
Tame hour meaſurers, other ornaments may, be added, which be- 
. Jong to, Odour or ſmelling ; for it may, be made, that every 
Hour, or ar other appointed rimes, a box:or ſmall ciſtern may 
open, in which ſome odoriferous body-ſmelling, very ſweet is 
Cloſe ſhut, , and. che Odour will diſperſe. it, ſelf -into the, whole 
room ; in like manner cocks of ſmall fountains may be opened, 
. ending, forth Qdoriferous liquors, which, liquors may. be' Gi- 
1 Yers; According to the-diverity of the hours of the time; yea, 
. they-may; be :{o. fine, and full, of Spirituous reRification, that 
they may; reſolye into, air, and; by their ſubtilty vaviſh, their 
vRSPun; CPI TEmAnIPK, Neither is.it, neceflary to; uſe: many 


= ounces. Ceſar] Eoging, if ſo be you make 2 {mall Engin, 
zur 0 whole cock only, divers liquors run forth every hour: 
Allo 
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Alſo Odours may be made either by means of perfuming fire 
which may be excited every hour, to wir, by percuſſion,that the 
next {weerned matter may be burnt; Or being moved into an 
occult furnace, or lamp, the matter may be moved rothem, or 
rather thoſe to 1t. 

Fourthly, It may be made, that the clock every hour or ap- 
pointed time, ſhall atchieve divers offices of truſt, as ic were a 
ſervant, and be dilligent in the Bed-chamber deſigned to vas 
ri0us Offices; ſo Cloks may be made which at a prefixt time 
of night ſhall ſtrike fire and kindle a light; and in the ſame 
manner they may |be ſo fitted, that they may ſend forth watec 
from a fountain, at certain hours for the waſhing of hands, 
or draw it from a well, or ſo as to ſnuff cardles dexreriouſly, 
at appointed times : Alſo a clock may be made, which be- 
ing placed on a Table, 'may repreſent Bacchus fitting, 
on A Tun, and at certain times fill pots with divers kinds. 
"of wines: Alſo a Statue may be made in the top of the 
Clock Turret, that may unfold a ſtreamer in the morning, and 
fold it. up in the evening ; and many other ſuch like as theſe 
may be performed. 

. Laftly, other Inſtruments may. be added: ro Clocks which 
may ſhew the degrees -of hear and cold, and alſo of moiſture 
and dryneſs, or which ſhall foretel when it will be rain and 
when fair weather, yea, and they may ſhew the winds at any 
time in an incloſed chamber. = 
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Problem XXVIII. 


To make a Chariot, or ſhip, with an Index. of Mailes,. for the 
. meaſuring of a Journey. | . 


Fig. 163. Eaſure the compaſs or Periphery of the Chariot 
- M Wheel propoſed, and Pn eater ler it be 
ten feet ;. To. the Axis of this Wheel A B, fit a ſmall. rooth 
E, running on another. Wheel CD, furniſhe with 50 teeth : 
Again chis Axis I E: mult have a ſmall tooth, like to..the ſmall 
tooth of the formex. Wheel in E, which folds into the teeth of 
* the 
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the Wheel E F, divided into 12 equal parts, each of which 
COnfitts of 10 teeth, ſo that all the teeth of -this Wheel are 
120; Moreover in its Centre G an immovable Index is dif- 
poſed, which will -tell the number of Miles and thun- 
dreds of Paces that hath paſſed by the Chariot in the Jour- 
ney ; for each circumvolution of the Wheel A B, that is, 
every two paces that is made in the Journey, one tooth of the 
Wheel C D is moved forward by means of the ſmall tooth C, 
and therefore ſince the Wheel CD is furniſhe with 5o teeth, 
its whole circumvolution will be compleated after 100 Paces, 
and then it moves forward the Wheel EF by means of the 
little rooth FE ; then fince every part of diviſion of the Wheel 
E F conſiſts of 10 teeth, after every 10 Circumvolutions of the 
Wheel CD; that is, after 1000 Paces, or one mile of the 
Journey, the Index after that will note another number of 
Miles; in the ſame manner alcogether the ' thing may-be done 
in a Ship, /provided that a Jagged Wheel like ro the Wheels 
of Mills be fo fitted to the ſide of the Ship, that it may freely 
move abour the axis, while its Jags hit againſt the water; and 
this Wheel will be inſtead of the Wheel of the Chariot A B, 
to which "others are added, as' we have faid ; for the whole 
Arrifice conſiſts in this, that- the circumvolution of the firſt 
Wheel which- anſwers the length of the Journey be multiplied 

portionally-t9. the other Wheels CD and EF, which may 

e done ecalily, and divers ways. - IFil Wt. 7 


Is —— . pn EIT 


' Problem XXIX. 


The method of making Archimedes's Screw for the. raiſing of 


water ſeveral ways. 


Fig. 164. Rehimedes his Screw is no other than a Column, 
ct} Þ or Cylinder, on which a Tube is-wound about 
ſpirally, or in the nature of a' ſcrew, as appears in the annexed 
Scheam,' where'A B repr eſents the Cylinder in an inclined fire 
to'theHorizon; and! C D ſfhews the Tube drawn” about it ſpi- 
rally; and this Tabe if one end of ir have an open mouth C, 
- UF iff the water, fo that the water enter into it, and then the 
Cylinder 


OO 
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Cylinder being duly inclined, 'and ir being: rurn'd -about-: by 
the two poles, or ends of the Axis E F that it ſtays _ 
it will come to paſs that the water-ferpent by litthe and little 
will aſcend to the top, and run out at the ather mouth D.-:_ ; 
This ancient and 'molſt ingenious Engin, .owns 'the- moſt In- 
genious. warm i rae j ts ——_ _ -_ — 
empty water out 0 of can i Ehero,King of Syracuſe; then 
the Beypriens uſed the ſame, ( Gienels Diodorus Siculus ) ro draw 
out the water from the fields drowned by the River Nyles, and 
Cardan in his book de Subtil, makes mention. of a Blackſmith 
chat. made this kind of Engin, :and imagining himſelf to be-che 
firſt inventor of it,: for joy. raw our ob his wits.” 467 614 tte? 
How much the'Cylinder; or its Axis'E-F, ought to be:ete- 
vated above the Horizon is not caſily determin'd,as will-appear 
by what follows, although commonly Mechanics (-with Viers- 
vins, Book: ro, Chap. 11. ) require ſuch an:inclination as con- 
ſirutes: Pythegoras his __— CC to. wit, fuck :tbar rhe 
fide:or Baſe E F. which: reſembles the. Azis (of -the Cytinder 
ſhall -be to the fide EG, which is the Horizonral line;vas'$: to 
and the fide E G in which the other ſide FG. alls;perpen- 
Jiculart - 8fo-F Gas 4103. 4il yoo lid nem $f at bal 
And the Tube and its Spire muſb be {o' firted 'abour the 

' Cylinder, thar each Spire be more or cls :inclined, and more 
or le(s-nearer each other by turns. oo ohh 
"Beſides to. the ſame Cylinder, (which) rhapibe. greater or 
{ſmaller ) there may be puriabour; rwb, thre &oramarel/Tubes/ 
{that one :ſucceſlively after : anothen; maj; Uraw:ithe waters 
beneath, \and-may pour ir-out inthe ſame order above; 1111 --/!) 
Some- hide the Tube, or Tubes, within the! hollow of ' the 
Cylinder ;: or they make the whole Cavity; .except the. Axis in' 
the middle; into-a'Spiral pipe, or: Channel, 'after- the manner. of 
winding airs; for: firſtchey- make the Channel, ſpirally:abaur 
the:Axis'of finallrimber; then afterwards glieyicoverithe whole: 
all over, that the whole :Engin: ſeems1a;:+ecr Column, :the) 
myſtery lying:hid within.; Father Chrifopher 'Grumberger 'made 
a ttanfparent Channel, or ſpiral pipe, covering it. over with a' 
Selenite ſtone, or looking Glaſs, that it may appear to the eye: 
looking on: it, how the water —__ ot: Wods yo namt 
_ If about the Cylinder you fit lictle boards ſuch as isvſed inmill: 
Wheels, or a Wheel farnifht with littke boards be fitted abour the) 
ſame, near the lower part B, 7 parte may be ſo kept above the 

13 K 
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water 
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whreriof:ctie/Riverftowing, hat the: licele Hodr | :*maybe for- 
ced-by:the! watex;;and rem about the Cylinder, for ſa the, water 
may be:conveyedifrommhe-River into a meadow,: or any' other 
place\thargourmdlthave is jo 017 bi 0) Hs 0 1s [11 1, 
-1Marcoveds yea nap'ii raiſe *WAer ka any heght in:a:narrow 
place, batt. AmichinidwTower-t0:ithe ropithexcot; as we! have 
kndwn done'ardypif.y ii Deregid) z:1q2 wik, if nhe: ſpiral; pipes 
be nmlciplied, ſo that the warer being:ratſed bpthe lower'ſpiral; 
and being. poured bur-in D into. ſome receptade, or Ciſtern:, 
henoeiramay be raiſed higher: again by another; ral; and ſo 
fuccetively! by: iniqreidpirats, ſashigh-as. you:plealey all which 
Spirals may be maved by. dne power, 0320! by ithe: water of '2 
Riveranderneath, off by:anarchevr aniinated)Powed iu wo!) 

1: Fhus\much-as aoths nr" and gamniort ufe 'ob theStrew; 
orSpirat pipe, and you/.will ſcarce:nieet with any.i thing - elſe 
among writers) bur: that. which coprains-jthe! reaſon: where- 
fote the watertaſcends by. the ſpiral;pipe; contrary4co. its nacural 
gravity, you will head the. :arhorigj all 'of themothar 
Ehaveread;| watersindetd always ideſcends bi the ſpires!of 4 
Tube;.qnd:fows nictraltfpcro: the loweſt place, but :neverthe, 
leſs in the mean while by turning. round ofthe: Cylintesi*2is 
eonveyed to ia higher place;:likewiſe theweight ofthe water 
#1elf while ir. advances rhe ſpiral Tube, or: pipe; helps its ad- 
vancment: Some ſay *tis done-byia certain mixt-morion:jopn'd; 
ragathes,:ofdhe:deſcend and 'afcenr.of heavy: bodies. which 
while Tthepcraffeb10!:defeend/ by their proper motion; they! 
mnchroughwte'Spiralt of-cheir:owntaccord;iiand/therpiratiby 
the turningauboutof che: ſcrew! duoweightrynmirig'dowws lei. 
furely,' and obliquely/and as iriwere by Nealth;: raiſesrie' np 
by degrees, I'fay, you will find theſe; and ſuck like-expreflions,' 
or-meer:words which ſound/alrogerher inimedting>bi (ft +24 
There mby therefore Thew: the rrueſoauſe:of. :this motion 

clearly arid manifeſtly:withoutz ambiguous words, owe tnuſt 
obſerve forne/Experimentsapproved byius' 1 36 i 
2|Finft, "Nor only warer, or-other-Liquor;' way {afcend by the: 

Tube of theſcrew,” bur alſo-;one,. or more Globes of any ſolid- 
metallici matter, --- { E227 ob OM TL GS 
Secondly, by how much greater {wiftnefs the ſcrew is-turn'd! 
about; i nor only a greater quintity:of watkr: afeends proporti- 
onally to the 'greartet ſwiftnelſs, ' as-if the thotion of - the Terew 
be doubly. fwifter, the quantity! of -the water will be doubly- 
greater 
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eater,. which in equal time will be poured out of th | 
mouth, ob fe. 7 Typ Wu ga AMI} iter proportion, fo that. 
it, nay; happe mgrion, een about rev 
being. put-dopble,, RE ng! pore coh Fay the'y 
of the water pH 1s 4 or alfo aeqn fete qtintupte;' 
and this. appears Clearly; if. 3 ſtead of water = place Bullers, 
or. ſmall mexatlc globes lon yl of the ſecey; ok ho will 
come to.pals, ſometim ; the {crew being turn'd a x7 
Globe wall. aſcend: (7 very. Bets Br if it ants S.4 Te. 

ly: flides.on falls down again in: the Tybe, Wo rs; 

locicy gf turning abqur being increaſl, it only Une the! 0 
other circumſtances remaining the. Fe: 

Thirdly, the leſſer the axis of the ſcrew is Aras Hon, the 
Horizon, the- renter, plenty, of water aſcends, an wo mgre 

T 


caſe; ſa.that-the ſcrew. be, gp Ab the Fe " i 
all other things, alike; ame p NII1z on 9J Haan 

Fourthly, - There is; not the awe 
water aſcending. theopgh, a —_ TY Py 
quantity of water aſcending rol ip Fe 
asis the Baſis of the narrow Tube dr of che roader 


for example,let the NargoWer $ ) 
broader (.Qr.as hroad again, ), 1. 

does not alcend a double; Quaptcy,; ; (Nat the OLEr-T 
being alike, bur leſs then Touble” and there fore i ; there ſhou 
be two Tubes of A, and only one. Tube of B, -althc the 
largenelſs of this, or the inward cavity be e wal to, al hls 
largeneſs of the other two Tubes, .norwit 1 nc 
draw an.equal quantity, oo water, ;{9. fe. mip - Ge 
equal length, and in the l: ame manner alike, or che, bs. ſerepn #h 
turn'd alike.; -,. 

Theſe things being noted, I fay, in the firſt place, thai * 
falſe which they commonly afficm ( as is ſaid t place that Bhs 
water does deſcend in any. manner .in;the Tube of, the ſcrew, 
avd much. leſs to make.a mixt mot .thea and Sa 2 
And this: appeazs in the firſt place chiefly. = ari experim 
Globe turn'd aboutin a Cylinder through, {ela Tubeſ0. ays 
aſcending as 'ris never diſcern'd to deſcend (1 ns In re- 
ſpe&t of the Tube) for it runs towards the upper part of the 
Tube, never going back untill at length ir break out at the up- 
_=_ mouth of- wa Tube; the lame which appears in the, upper 
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ſuperhcies of water aſcending ; and certainly it ſeettis. to be 
implied in the ren. ak the ſame heavy body ſhould ' aſcend: 

[deſcend together-ar the fame . time,” for it will: be moved. 


rogether- with rwo oppoſite motions, which is contrary;;/ as we 
aavxe:hewn before... OO: | 
| The reaſon then why the water,or Globe,or any other heayy 
Cora albeods through .the wo Via of the oo ought to: 
; ſou ght from: the 2 herefice of the water, or other: Body, to- 
the'in TT Es of the Tube, _—_ from ſome” rough- 
nel, che farns ſuperficies, or alfo of the ſolid Globe aſcending, 
by reaſon of which the bs wan of bodies is hindred in their 
deſcent by. an inclined plane, which how it happens in the 
{crew will be eaſy to explain from what is ſaid. 
_ I fay, then rhe warer,'or Globe, doth not always move in the 
Tabe; fo as alwiys ro go' forward further, but by ſome little 
lace of rime, wherein. the Cylinder is tarn'd. abour, the 
Globe refts in the {ain arr bf the Tube; bur becauſe the fame: 
time, int whith the 'Globe reſts with reſpe& ro.the Tube, thar 
part of the Tube on which the Globe reſts, aſcends by the 
turning abour of the whole Cylinder, ir comes to paſs alſo; 
. | in that part; ir the mean while is. 


raiſed from-the' Horizon, and the other parts of the 


Tube, _—_— is. obtain a lower fire with re- 
x& to rhe Globe, -which therefore are conſtirured' in- a plane 
ewtit inclined; then the reſt of the Globe ceafing in thae 
part of the Tube, ir deſcends by rhat inctined plane to the lower: 
= Nu och it reſts agafn- (for as much as if it ſhould paſs. 
ther; "ic onghtto' aſcend,” which is contrary to its' natural 
gravity Yand while ir refts in that part, 'tis transfer'd' again to- 
gether with the Tube.into an higher ſite, from whence it a- 
gain roles down by another inclined plane on the other parc 
of the Tube; and: ſo by degrees is moved'forward even to- the 
upper mouth of the Tube ; and the reaſon of this interrupted 
motion, ar'inrerpoſition. of reft, is, as Ffaid, the adherence or 
rope of the ſuperficies both of the-Tube and alſo of rhe 
Globe; for ir comes.to-paſs that by ſome little ſtays the motion. 
& intermitted, while the movable body finds refiftance in the: 

rough plane. | 
. Frp.. 16g. And there is another reaſon beſides the- foreſaid 
relillante of Roughneſs, or adherency of bogies, which very 
much moves. forward. ſuch motion : to wit, the impreft Im- 
perus 
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of motion in the oppoſite part of the Globe,or water. Let 
the Horizontal line be A B, above which the axis of the ſcrew 
AC is raiſed, and let the ſpiral Tube be DE I L MN. ' Now, 
for example, if the Globe of lead be in part of the Tube FE, and 
the Cylinder be turn'd. about with a motion from E towards. 
G D; while the Globe reſts a little in part of the Tube E, 
in as.much as that part together with the Globe refting is raiſ- 
ed by the turning about of the Cylinder into a place neare 
the horizontal line, wiz. into P, and in the mean white, the 
part of the Tube H is depreſſed ro Q; from whence it comes to- 
paſs that part of- the Tube is conſtituted in” the inclined fire Þ 
Q. and therefore the Globe, which was: found in P deſcends. 
we that part of the Tube, or inclined plane from P in 
Q, where you ſee now the Globe advanced higher above 
che Horizon ; for the point Q is more diſtant from the 
Horizon A B, than the | en E, where the Globe was before; 
again in Q, becauſe of ſome reſiſtance which it cannor over 
came through the little tay of time reſting, 'tis raiſed as be- 
fore with part of the Tube in the fame point Q, then an- 
ſwering to the time, from whence again after reſting, it falls 
down in the other part of the Tube, and ſa ſucceſſively in de- 
ſcending it truly aſcends, but nor ſo as to aſcend in the fame 
time in which it deſcends, and therefore it cannor be faid, 
eruly ſpeaking, that it afcends in deſcending, nor that 
that motion is properly compofed of aſcent and defcent. 
Wherefore it aſcends in that part of rime in which 'ris hindred 
by the adherence to the inward ſaperficies of the Tube, or its. 
roughneſs, that *tis not moved forthwith, but ic deſcends 
after that fmall ſtay, or litrte reſt, and becauſe it deſcends 
more oblique than before it afcended, therefore rhe defcenc 
is leſs, conſider'd abſolutely and in a perpendicular line than 
is the aſcent; and therefore after all the deſcents it will be 


found higher above the Horizoncal line. 


Add, that after each deſcent, ro wit, after the defcent from 
G in, ir doth not prefently reſt in the taweſt place E, due to. 
it naturally, but by the acquired imperus m deſcending by 
the inclined plane GE, it aſcends allo further, viz. ro H, e- 
fpecially ſince the point of the tube H deſcends in the mean 
whike,and paſkes away the globe, that therefore it may fhun the 


__ fromE in H, by being fucceſlively tghter, and aſcend 
caller. 
Finally» 
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Finally, to the facillicating of this morion of the globe the 
impreſt Imperus of, the tube concurs 'to the oppoſite” part 'of 
the. motion- of the” globe,. for it is fount. by experjerice, thar 
the Globe deſcends more fwift on an inclined * plane, being 
maved+( for example ) from the Eaſt towards the Weſt, if in 
T e me2 1, While that it, deſcends, the inclination remaining the 
2une,, the ; plane be transfer'd by an oppoſite motion, ro wir, 
from t © Wilt foward: the Eaſt; ſince trherefore' while the 
CE bends by the inclined part of the Tube from G in 
F, or alſo; while it. aſcends, further from E in H, the” Tube 
by the Circumvolution is moved by an oppoſite motion from 
H towards E and G, it come to, paſs from ſuch morion, or 
from. the oppoſite Imperus of the Tube, ir acquires a greater 
velocity;: Bur; likewiſe this muſt be'obſerved, rhar as often as 
the; oppoſite Imperus of the Tube, or of the inclined plane a- 
vails to.the velocity of the morion of the. gtobe, ſo often the 
Globe ſuffers ſome rubing or wearing with the plane that lies 
under.it; Wherefore from the beginning to the end, all the 
.xcaſon of the motion of the Globe in the ſpiral Tube of the 
grew, ſeems. to be, founded on the, foreſaid adherence, or re- 
Giltance' of bodies: in the conratt of ſuperficies. And what we 
have. ſaid concerning the Globe, the ſame may altogether be 
Taid of water, or of any other body, notwithſtanding | we 
have made uſe of. the Globe, in the example, becauſe if the 
;Experiment be made, as we have oftentimes done in it, all 
theſe lh oh clearly appear, which hitherto we have ſaid ; 
\nd that the Globe may be manifeſt to the eye, and the reaſon 
of its motion. maybe obſerved, either we muſt make uſe of a 
-glaſs Tube, or the ſecret hollow channel about the Cylinder 
muſt be of tranſparent ſtone to ſee through ; or you. may 
eafily put a double wyre about the ſpiral Cylinder, fo that 
that Iron thred, or wyxe, touch not the Cylinder, ' but ſtand 
F Shore: abourhalf an Inch, and the ſame diſtance;alfo between 
itlelf, and therefore ſome-quadrangles intercepr; the ſpice. of 
way, on which: the Globe is placed as it were on .a Channel, 
. Or groove. | | | | 
....,,From what hath been ſaid 'ris manifeſt, in the firſt place, 
.. how, the mation of bodies which are.rajiſed by means of this 
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; Enginz are reduced to motion by an inclined plane. 
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Secondly, 
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Secondly, a reafon appears why the turning” the Cylinder 
about with a greater velocity, or more {wiftly, that it doth not 
only. taife greater plenty. of water propgrtionally, bur alſo 
makes. the ſame aſcent more abundantly ealy ; for ſince the 
oppolite motion of. the Tube avails niuch.to the afcent of the 
water, as we have ſaid; by, bow ouch, {uikcer this moron, 
is, which is made by.curning about of the Cylinder, by ſo much. 
the more the aſcent of the water is advanced.” oo 
Add, that that little ſpace of time which the water or the 
Globe reſts;in ſome lower part of the Tube 'tis raiſed higher, 
that cherefore che. reſt,cealing i ought to deſcend Ieſs, ap 
after the deſceng *ris now much. higher raiſed above the Horizon 
than befare: .,moreover, fince that little tay of che Globe] ap- 
pens from the impediment, or royghneſs, of the Tiibe, fi ie 
the Globe tobe in E, and fome impediment or roughneſs, in 
the Superficies of the Tube, to be in its , way on the part ro- 
wards H ; when this kind of roughnels' is. moved forward' r0- 
wards Þ or GG, and. I. that, Which raiſes the Globe be. 2s. far 
as Þ, if the, Tube be moved more ſwiftly, ic impreſſes a greater 
Imperus, and railes it higher. .. 
Thirdly, "tis , manifeſt alſo, why if the fcrew be leſs elevated; 
above the Horizon, that rhe water aſcends the cafiet, I'fay, the 
eaſier, that is, with leſs force and labqur of him, or that which, 
turns the Cylinder, : (for if the Cylinder. being, curn'd aboyr. 
with: che ſame {wiftneſs, an equal quantity of water ſhould af-/ 
cend, whether; it be more or, Iſs - inclinded )) the reaſon is 
manifold; Firſt, becauſe when the Axes A. Care more Elevated! 
the weight, gravitates more upon. the prop of the Axis in,” A, 
bur leſs! upon the prop in'C, but if the Axis be leſs raiſed a ve. 
the Horizan, or comes nearer to an Horizongal ſite, the whole. 
weight is, diſtributed to che Props A and GC wyth leſs inequality, 
from whence it,cquyes to paſs chat the, Circumydlurion or Furn-" 


ing abour is cakigr,,, Secondly, and chiefly becaufe the ent WE, 
of th r into the Tube, by the lower maui? D; rehilly and 
hich. is it 


ſtrives. againſt the weight or preſſure-of the water which, is 
the:whole Tube, and = eight or force. of preſſure” 1s not 
computed from the quantity. of water Which 3s inthe Tube( for 
that is always, the: ſame qwhether the Cylinder b more orlels in- 
clined) but;'tis campured fron the greater or gr perpendii 


+ 


hr CB; therefore when the perpendicu 


ela briby EE Gd 26 # ara Oe. 
water exiſting within the Tube preiles more, and refiſts more the 
entere . 


_  —  — 
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Iy to the {e three, to wit, to the velociry whereby the Cylinder 
Is tutn | 


of the Tube, þ r If the ſpiral or winding compalſes be thick- 
erand Cofer' & | 


rex, lo 
neverthi 


i b 'Of the; Screw may be varie >>) Norwithftandirlg this | 
ub effal precept muſt 'be obſerved, 'to wit, that the'Cyhnder - 
{is RE Stu Civ DALE A; 


% NI En a Re 


Book IX! Mechanich Powers. 157 
A C be never elevated -above C, to fuch an height, that the 
ſpiral-of: che Tube: DE'or IL or MN appear parallel to:the 
Horizon AB ; for the point of the Tube D ought to be high- 
er than E, and the point I higher than L, and ſo of the reft; 
otherwiſe the water being in part of the Tube D E, will flow 
out at the. mouth D before it be moved forward any further 
in the Tube. DIO | 4:27 #011" 4 7 
- Fonrthly, from what is ſaid, fthat queſtion. may be re- 
folved, to wit, whether or no *ris moſt convenient ta) have one 
large Tube to turn round with 'the Cylinder, or many: ſmall. 
ones : Father Grymberger affirms, 'that if one ſpiral Tube cir- 
cumſcribe the whole Cylinder, ſuch a ſimple ferew will pour 
out as much water, as if there were many Tubes, and ſome- 
what more, and he aſlignes this reaſon, becauſe many ſpirals 
of a Tube by reaſon of their thickneſs which they mult have: 
ought to occupy more room in a Cylinder than the :thickneſs: 
of one. Bur although this be moſt true, yer our queſtion:is' 
not whether more water may a_—_— by one Tube aenly than 
by more; for example, unleſs three Tubes taken together are: 
equal ro. one other. larger Tube, *tis certain that greater plenty 
of water may aſcend by that one larger Tube; but the queſtion, 
is, whether or no ſuppoſing that thoſe three-Tubes,-be.exaQly 
equal to the Capacity of one larger Tube, and let the Cylinder: 
be capable, that is fitted either to the three ſmall Tubes, or 
to the other larger one, I fay, 'tis ro. be conſider'd, whe- 
«her to make uſe of the one 'large one, or thofe three ſmall 
ones? :; | 13 53} DIAS 
And to this Queſtion'I anſwer, It would be better+to- uſe 
three ſmall Tubes ( fo that they do nor gravitate more by their: 
weight on the prop ſuſtaining the Cylinder ) than one larger; 
and not only becauſe ( as we have faid appears ) in the fore-. 
faid experiment ) that they raiſe more water ; but likewiſe 
becauſe ir aſcends eafier, and with lefs ſtrength of the power; 
moving the Engin. The reaſon is, becauſe although the; 
three Baſes of the leſſer Tubes :be equal tro one Baſe of. the; 
larger Tube, and they are ſuppoſed all of an equal heighr, 
nevertheleſs ic gravicates or preſles leſs in the triple bale, or 
in the lower mouth of che ſmaller Tubes, than the water gra- 
vitates in one baſe only, or in the mouth of the larger Tube, 
and that therefore becauſe although the Capacity of the three 
Tubes be equal to the Capacity - the one Tube, neverthelets: 
j A | 


the. 
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ee inward ſuperficies. of the three Thbes.is at leaſt doubly 
greater the: inward ſypetficics of the one. larger Tube, and fince- 
the:adberenceipf che water is greater. where the ſuperficies is. 
gfeater'to- which- ir. adheres, and finee it aſcends eaſier and: 
gravirates. lefs upon i the |bate / when | the adherence is greater, 
ir appears.to gravifate-leſs. on the bafes of the three Tubes, and. 
in them the water aſcends. more eaſily; I add alſo, that the 
water is; ;eaſier-i drawn if! it be: drawn ſucceſlively_by many 
Tubes by: one'circumvolution of the Cylinder,than. if the whole 
be drawn with one-turn by one; Tube. 1 

From the. fotefaid greater adherence of the: water of the 
fmaller Tubes ir comes to: paſs alſo, that although the Cylin- 
der be turn'd-abour with leſs fwiftneſs, yer the weighr of the 
water cannot ſo: eafily overcome that adherence and fall back 


| again downward, -as happens: in wider Tubes, which. unleſs. 


ey are 'moved ſwiftly the water by its, weight cafily goes. 

Hence:alfo we eſteem it a thing not altogether impoſlible to- 
to. make a. ſcrew with ſuch artifice, that by means thereof the 
perperpat motion-may' be obtain'd, for the. aſcent of water or 
of other heavy bodies: ems eaſieſt of all by the ſcrew. 

And that this motion may be rendered: yet eafier, ſome in- 
genious thirigs occur to--my mind which, 1 believe may be 
made'uſe'iof with ſome profit. 

The firſt is,' when you put one or rather more Tubes about 
2 Cylinder, / within each of which you may put cotten thred, 
extended from one end to the other ; for by this means the 
adherehce-: bf! che'-water -increaſes, and: creeps along! more 
ealily through the Tubes, although the quantity: be leſs, all; 
one as'if one large 'Tube were divided. into. many ſmall 
ONesS.. - 


Cylinder, 
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Cylinder, ſo that its Pole | A within -the-notch-of; the: Prop 
may be turn'd abont without any: refiſtance; -. |, 'r.5 55 1 
Fig. 167. The third is, that the Cylinder be made of light 
matter, for the lighter. it is the eafter *tis turn'd ; wherefore 
it will be ſufficient to fit the Tubes ſo, and to-turn thera abour 
in Spirals, that they will-need-no Cylinder to-ſufiain diem; for 
it will be ſufficient if in the extream heads;of che; Tubes; you 
fit two little Wheels A'B, C D; with: their Axes fixed inthe 
Centers. - For unleſs they be vety big and large,: 2hd-the Cy- 
linder very long, they cannor-eafily' be bent by ;the water, 
or by their proper weight, and eſpecially if; they are :made of 
rough matter; viz, of thin Iron plates:cover'd;over,'with Tin 
or Glaſs;: &c. - Or if you fear:the bendingrot the Tubes, : you 
may fit here and there 'in ſtead of. the! whole: Cylindtr;'2wb 
or three rulers extended according to the length from Ao, 
and from Bto D, which rules-or;: Spears ſupport_the Tubes, 
leaſt they bend (in: the. 'mjddke,.. Likewiſe ,you- may: for turn 
about many ſmall: Tubes ſpirally, one-wnmediately hear 1a - 
nother, that they being: all united ctogethts, : make onewhale 
Cylinder, -or rather a-Tube, which reftembles a:Cylinder:made 
hollow within. . oi) rodel gente Slaqnoang loo vin 
_- Fourthly, If you deſire to raſe.noe Water buraGlid Globe 
by a Pulley, you need ;nor make-h{8.of ;acFoubery ewoiron 
wyers turned about ſpirally parallel rotach other, and: faſtned 
to the extream heads in the Circumference of the lictle wheels 
AB and [C'D, will be. fic for ;thar-.purpoſe giand thoſe: wy- 
ers ought to be ſomewhat leſs diſtant: from cane another; than 
the thickneſs; or diameter of the- Globe; far ſoc the. Globe will 
be derain'd within each wyer alwaysinthe: lowercparts:of the 
Spiral .and will aſcend .by deguees by[thoſt ſpiralsbeing-curn'd 
abour. - vinorumoo &f 57 nude | 
Fig. 168. Alſo it may be made of twathiniplates of Mental, 
or of ane only made hollow after-the manner:of a*Channetior 
| Groove 3 yea, We have -made-a (Crew: fit to take:np:a teaden 
Globe or Ball of an inch-Diameter;: of thick paper or paſtboard 
eurn'd about fpirally,! te wir; the- Tube: of them: whickr &om- 
poſe a Telleſcope we have cut ſpirally; ſo that the:Globeis d8- 
rain'd within the ſpiral cleft, and: will aſcend by theſame-cieft, 
the Tube being turn'd about. - Moreover:one »plate of miereal 
only may be turn'd about a Cylinder . which 'afcends-ſpirally, 
and ſticks out everywhere 1 the ſuperticiesof:the Cylinder 
Liz - 
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*Sn6 or 'more iadhes; according as the' magnitude of the Globe 
Ste raiſed requires; and: the plate muſt be of ſuch a breadth, 
2848 the Diameter of the Globe, 'or a little more, and erc&ed 
te 119 mer upon-the ſuperficies of the Cylinder, and one 
of its fides faſtned ro the ſame Cylinder ; then the Cylinder : 
being'etevated-in:an oblique fire-:to- the Horizon ; for Exam- / 
ple, ivthe'fire: AB, and'the:Axis leaning or ſtaping upon its. 
-prop;; the holtaw plate of merral D C is firted: under the Cylin- | 
der,” which remains unmoveable in the ſame oblique fire, and: 
then being diſtant a little from the ſpiral plate, ſo rhar as ir 
were, 'it is raze& by rhe ſubjected channel or hollow plate be- 
ing tarn'd abour.'> Then if you' place a Globe on- this, and: 
rum about che! Cylinder, the ſpiral will move forward the 
Globe by: that inclined:Channel- from-D. in E,. and-from- E to. 
B, ec. +53 2h | 1:27) | L133 3.4 F 

"The -ſame power or ſtrength muſt be applied here, as a 
ſcrew hath to raiſe water, or another'body, of which we have 
þ > elſewhere-concerning /the common Screw ; for as you 
Fee'the-morion or. elevation of weighr by rhis ſcrew of Arch;- 
-medes, is indeed ai motion by 'an inclined plane, where- that 
univerſal principle always takes place, thatthe increaſe of force 
5 taken Edechb: portion of the velocicy of the power mo- 
ving; to the-velociryof ithe weight moved-; wherefore, if for 
example; as.in the preſent figure the ſpiral being four times 
eurn'd abour, the Cylinder'be x2 feet, and the Globe aſcend. 
from:D to F;::in the plane 'or inclined Channel D-C ewo feer, . 
the power as > may raiſe 'the weight as- #2. © 
| What we have faid hitherto concerning a Cylindric ſcrew, 
may alſo. 'be: underſtood- of a'Conic ſcrew, for' inſtead of a- 
'Cylinder we may uſe a-Cone to whict» the Tube may be ſpirally. 
curn'd about, as is commonly known. And: although - fome 
, prefer a Cone defore a- Cylinder, -yet we ſee not any effect 
that: it-performs; better; -therefore - fince a: Cyplindric* ſcrew is 
ceafer __ we may uſe the ſame :moſt ſafely, and perhaps! 
*moſt proficably,: at leaſt in many caſes. -*: /'* 
. : Many other things occur which way be ſaid concerning this 
Engin, which in our opinion are very Ingenious, for wricers 
\ have: ſcarcely ſhewn. any thing worthy of confideration to 
{Poſterity in.this:matter although-it be 'very capacious, as may 
| he cafih} underſtood from-thole: things. which we have- briefly 
Gewn, with: wbich we ſhall conclude this ninth and- laſt Gon. 
341?)  « OL. 
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Of Mechanick Powers. on_ all honour and Prajſe to 
that great Maſter of Arts, and Fountain of all Wiſdom, the 
Omnipotent God Bleſſed for evermore. 


I had here put an end to Mechanick Powers, but meeting 
with ſome new inventions relating thereto, lately publiſht im 
France by an able Mathematician, which if put in prattice may 
be uſeful and beneficial in Engins ; I thought fit co add them 
by way of Appendix, and they are theſe thar follow. 
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APPENDIX 


BOOK AX 


Of Epicycloids, and therr uſe in Mechanicks.. 
Definitions... 


arch A #F&d of any Circle, the point D which is the: 
extream or end of the Diameter A D, will by ics mo-- 
tion deſcribe the Line D 14, 15, 16, 15 4; which is: 
called an Epicycloid. 
a circle A B D is called the: generaring circle of the Epi- 
cloid. 200, 
T The arch A 5 4 is the Baſe of the Epicycloid: 


69. 


the Baſe, the Epicycloid is called Exterior, or Outer : Burt if the 
generating, Citcle roul on the inſide of the circle, the Epicycloid 


is Called: Interior, or Inner. 
The ſpace contain'd by the Eicycloid, and. by its Baſe, is cab 


led the ſpace of the Epicycloid. 
The 


— —— 


Fig. F the circle ABD be rouled or turn'd about upon the: 


If the generating Circle roul on the out ſide of the circle of 
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The Dimenſion of the Space of the Epicycloid. 


Lemma 1. 


Fig. Sigh the Semicircle be A P p B, whole diameter is A B, 
170. and its centre K; having drawn the line P p Parallel 
to A B, and meeting the cizcle in the points P p, from any 
point C of the diameter A B drawn longer, draw the lines C P, 


LE : oy, the ſum of the right lines C A, C P, is to the fum 

of the right lines C B, Cp, as the difference of the right lines 
CB, Cp is to the difference of the right lines C A, CP; or 
elſe, *which is the fame thing, the ReCtangle-made of the ſum 
of the lines CA, CP and their difference, is equal tg the 
rectangle made of the ſum of the lines CB, C p and. their 
difference. 


Lemma 2. 


Fig. 171. In the Triangle CAV if the right lines Þ X, p G, 
B M being parallels to the baſe A V, cut the ſide C A, fo that 
the ſum of CAandCP, be to the ſum of Cp, CB, as the 
difference B p the Segment of the laſt, is to the difference P A 
of the firſt. | 


I fay, that the Trapezias M p, A X are equal between them- 
ſclves. 


Lemma 3. 


Fig. 172. Let the Semicircle be AD EB, and on its diame- 
ter A B prolonged or not prolonged, let the point C be taken, 
and draw any right line DE Parallel to the diameter A B 
which meets with or touches the circle in the points D; E ; 
From the Centre C, with the Semidiameters CA, CD,'CE, 
CB, deſcribe the arches of circles AF, DPG, Ep H, BI, 
which meet with any rightline as CPF drawn from the centre 
C, in the points F, G, H, I. 

Ifay, that the fourſided mixt figures AFGP, p HIB are 
equal between themſelves. | 


 Demon« 
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Demonſtration. 

Make the right line A f equal to the arch A F, which muſt 
make with the: diameter C A, the right angle C Af; having 
drawn C f, draw alſo the right lines P g, p45, Bi, parallet to 
AF 

Gris evident by conſtrution that the triangle C A f is equal 
to the Seftor CA F:- In like manner, the Triangle C P g is equal 
tro the ſetor C PG, wherefore if from theequas C Af, CA F, 
you take away the equals C Pg, CPG, the remain will be equal, 
to Wit, the Trapezia AP gf, and the four ſided mixt figure 
APGF. We may demonſtrate in the ſame manner that the 
Trapezia phi B, is equal to the mixt figure p HIB. 

But by the firſt Lemma the ſum of the right lines CA, CP, 
is to the ſum of the right lines C p, CB, as the difference of 
C p, CB which is pB, is to the difference of C A, CP, which 
is AP; wherefore by the 2d. Lemma the Trapezia A fg p will 
be equal to the Trapezia p h # B, and the mixt figures A FG P, 
p HIB which are equal to the Trapezias are alſo equal between: 
themſelves. 


Lemma. 4. 


Fig. 173. If the circumference of the Semicircle A B D be 
divided into equal parts between themfelves in the points 
EFGBHI, &*c. and the number of theſe parts be even 
and indefinite, and on the diameter A D prolonged or not 
prolonged you draw from the point Y as a centre the arches 
of a circle, whoſe radius's are the diſtances YA,YE,YE, YG, 
&c.and lerthe length of the arch A 4 deſcribed by the point 
A be equal to the circumference of the Semicircle ABD, and 
let the Arch A 4 be divided into as many equal parts f g has 
is in the Semicircle A B D : Then having drawn the Rad# from 
the centre Y to the diviſions ef g bb, &c. then you will have 
the mixt four ſided figure A D X 4 divided into an indefinite 
number of little mixt four ſided figures which will have the 
following properties. 

Becaule the equal diviſions of the Semicircle may be drawn 
by the points of diviſion of the right lines KE, I F, H G, e*c.. 
which will be parallel to the diameter D A of the circle ; 
therefore by the 3d. Lemma the four ſided figures 4» Rk, 
X z 4 4, Will be equal berween themſelves being equally re- 

moved 


i64 _ Mechamck Powers. Book X:; 
moved from the extreams: Bur alſo thoſe which are contain'd 
between the fame circles will be equal between themſelves, 
becauſe of ' the equal diviſions of the arch Abd; wherefore 
the4 ſided figure A e Er will be equal to the 4 ſided figure 
Xza | 

We may demonſtrate in the ſame manner that the 4 ſided 
fgure 2 X 4 # is equal to the 4 ſided figured 3f4 or Ae 18 g, 
and ſo of the reſt. 

"Tis evident in each Sector, as YX4 orY 4d k, that the 
four ſided figures are equally removed from the excreams; as 
2X and 3 « are alſo equal between themſelves ; for the 4 fided 
figures X x and d « are equal, the 4 fided figures Xt and d « are 

{o equal by the foregoing Lemme : Wherefore if the greater 
be taken from the leſſer, the remains which is the 4 H1ided 
figures 2 x and 3 « will be equal, and fo of the reſt. 


Lemma. 5. 


"The ſame things being put as before and in the ſame figures, 
ﬆf you draw the diagonal line DLMNO 4, compounded of 
.an indefinite number of ſmall right lines, which in the 4 ſided 
figure A DX 4, divides in two diagonal wiſe all the ſmall 4 
$ded' figures, which are in the diagonal from the angle D even 
to d, as appears in the figure, by the lines DL, LM, MN, 


Q, &c. b3 | 
.. I fay, that the 4 fided figure ADX 4 is divided in two, 
equally by-the diagonal DOd, 

*Tis nor difficulr ar all in-this place, to grant that the ſmall di- 
.agonals which are from right hnes, divide in rwo equally their 
particular quadrilaters, or 4.fided figures, and that the differ- 
.ence which is berween the true diviſion and this,is not found con- 
fiderable, and fecing we may always find a leſs magnitude than 
any given, becauſe that the quadrilaters which are divided, are 
_— indefinitely ſmall as is commonly accepred in the uſe 

Indiviſibles. | 

Now by that which is demonſtrated in the precedent Lemma, 
. *tis evident that the Quadrilater AL is equal to the quadrilater 
XR; In like manner the Quadrilater e M is equal to the Qua- 

\<rilater 4 Q ; the Quadrilater f N equal to the Quadrilater'5 P, 
and fo of the reſt. 


Wheres 
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; Wherefore all the like »Quadrilaters together on one fide 
: of the Diagonal DL MN:Q/P, :&c.- will 'be-equal co all the 
Quadrilaters on the other ifide;” But the. line: DL NO Pi 
.which divides diagonal wiſe all the ſmall Quadrilaters which 
are in-the diagonal, is ſuppoſed- to divide alfo in two equally 
all: thoſe quadrilaters'; therefore this Len. ng. may .be 
confider'd as a crooked line, divides equally.in rwo all the grear 
Quadrilater' A D X 4;; which was'to beDemonſrated. .: » + 


Scholium. 


If we ſuppoſe that the. point Y- which is taken on the dia- 
meter A D is infinitely lengthned from; the circle A BD, there 
may be: right lines perpendicular to- the, Diameter A D; in 
ſtead of the Arches of circles, which. paſs through'the points 
DKIHA; of which A 4 is: one, which is put equal to the 

circumference of the Semicircle A B D, and which is divided 
into ſo many equal parts, as is the Circumference; ABD ; 
and laſtly, inſtead of the mixt Quadrilaters, or 4 ſided:figures, 
a8 thoſe before, you will have Parallelograms,, which; heing 
equally removed. from 'the Extreams, 'will be equal between 
: themſelves,/ and thence-ir follows likewiſe that. the-diagonal 
- which divides diagonal wile all the lictle Parallelograms, which 
. are, from one | angle to the other,” will divide the whole great 
_ Parallelogram into two equally. 11 95246 


Lemma 6. | » 6 Is 
Fg.. 169, The ſame things being put as before, if you make 
"-the'Semicircle A B D to ſet forward, ſo thar the diameter A D 
be placed 'on the part e8 of the Radius Y 8 e, and thar (the 
point A-agree with the point e; *tis evident that the point / 
of the diameter will agree, or be in the point L of the Radius: 
Ye; Moreover if we make it ro paſs even to the Radius Y f, 
and thar the point A fall'on the pointf, the whole diameter 
' A D will agree with the right line f 9, the poine "of 'the 
diameter of the circle A D B will agree'with Y a point M, ahd 
ſo of the reſt : Whence *tis.evident, thar all the points of the 
diameter A D, 2s Dm », &Cc. deſcribe the diagonal line 
DLMN#4. | | 
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47t 200 15 1111-0100 enBinbiahfrethon.”'! = 1: > + 1 -rach9p 
-/\ Bur if inſtead. of removing the circle A B Ny. we concieve ic 
-r0 roul.f/ the baſe'A #4; when.the point Eof - the circle is 
come 40'e, the diameter of. the gircle E 10, will de joyned 
- withthe right line e 8, for by che -Hypothefis the [arches A E,. 
A carcequabin length; and fromthe ſame, when the poirit F 
'3 come |to f,/ the diameren F 21. willbe joyncd ro the diamerer 
f9, and fo:of theatfh.. Bur if. you mark the. diſtances: Az, 
A m, A n; owevery: diameter, as E 2, F T3 ec. it is evident, 
char while the circle AB Þ rouk-on the baſe A 6 4, the points. 
I mn + 5 every diameter meet one another in the diagonal 
- lhe D MN'OP 4: 'For” when the: point. A of the- circle is 
cometo+/thepoint:12'on the iamecer E 10 will be in'L, 
becauſe thar' the: diftances 10; 12, D4/ are-equal;. and by the 
fame reaſ6n the poihr?r4, wilt bein 'M,) ect » 
- Burmoreover, when E 10:is placedon 28, and che point 12 
-on the point L, theipoiht-D of the circle A'B D-will be in the 
- point- 14 /0n'the arch / 14.5: For.-the Semicircle 8, 14, 6re-- 
preſents the Semicirdle'E'DCro'; 'and at the arch 10.D is equal. 
\\to-the arch D'K-by-Conftraftion, when the point 10 by. the- 
movement of rhe circle'is' Come to tlie point: 8, the point D- 
will: of neceſſiry be 'on-rhe point. x4. inthe arch LKL x4; fo 
-thar/the porrion L 14 of this arch will be equal ro the Portion 
'E'K-of the fame-arch :- In like manner, 'whien che pie 17 Is. 
come to the point 9, the ſame point D will be on the point 15 
im thearch m/M «;, fo that the.arch M 15 will be.equal.to the 


arch YA Ee. , | 
bay Eo F-32075 ans "ab 
- Fig. FN the precedent Figures "tis demonſtrated -that- the { 

x. 'f of go I Fr of the Epicycloid, A bd 17, 1 441 
D, 3s. equal co, the half ofthe. Quadrilater A 4.4 X.D, joined to. 
the. generating ſemicircle A BD. | 
» Big4.173+2;;T have ſhewa before that the line D.M.O:Q 2 di- 
vides the; mixt.quadrilater. Abd XD. in ewo equally, it re- 
. mains. ihen ro.. demonſtrate thar.che- {pace,.D L O Qu 37, 16,. 
;,45,;D;, contalucd: by the. lie D M© Q.q,: and by-the half of 
the Epicrtod. D, 15,16, 17,4, is equal to the generating ſemi- 
ciide DBA. , | 
By eohſtruCction, the whole generating ſemicirde- 3s divided: 
tiv mixt Q 14d; ilazers, as ms ci , and into two trilined, or: 

| 3;lined: 
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3 lined figures NK /, x E A : But alfo the ſpace DMOQ 4. 
17, 18, 15,14; Dj.is divided by the fare Gicles deſcribed from 
the Centre Y, into ſo many g-fided, and 3 ſided ( or 3 lined) 
figures, as arein the generating femicircle ; 1o that the arches 
mw circle contains ſo- much in the generating Circle 
which in the ſpace are equal between themſelves, as the arch 
M 15 in the ſpace is equal to the arth M / in the ſemicircle, 
which is evident! by 'the formation of the Epicycloid# Where; 
fore-the 'mixr Quadrilater, as L 14. x5 M in the ſpace is equal 
ro' the mixt quadritbrer LK/m» in the ſemicircle, for they: 
have the fame breadth, and are inclofed in equal arches : Bur 
each of theſe-Quadrilaters equal in the circle and in the ſpace: 
being confider'd -as Indivifibles of the one and the: orher,. it 
will follow that the ſpace will be equal to the ſemicircle; which 
was t0.be demanſtrated. | 


Soholinm. 


Keeping to the ſame Demonſtration, if we ſuppoſe that the 
point Y is infinitely removed from the baſe A d, which baſe 
is a right line in this caſe, and the Quadrilater AdXD is a 
reQangle, which is then equal to the generating ſemicircle 
ABD taken 4 times, as appears by its generation : Where- 
fore the ſpace Abd 15,16, 15; D, wilt be equal to. the-ſemi- 
circle A B/D, taken twice together with the ſame ſemicircle 
which is:@gual oo a. ſemicircle raken; 3 times ; the line d 16 D 
in _ caſe'is. called Cyrleid, or Trochaide, and etimes a little 
wheel. | 


"2 
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——- ſpace of rhe outer Epicycloid is to its generating Circle, 
.& -asi3 times the diameter, of the circle which is ; baſe, 
rogether with 2 times the diameter of rhe generating circle tg 
the diameter of the circle of the baſe. 

But the ſpace of the inner Epicycloid is to its generating cir- 
cle, as 3 tynes the diameter of the circle which is the baſe, 
les 2 times. the diameter of. the generating circle, ro the dia- 
meter of che Circle, which is the bale. at hs INT 
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"M) he Es. of the \ Lines. of - 
Epicycloids. hr 


: of the touching of Bpiopnide. - : 
[ fat: ! © by Lemma : Þ $535) A | 

_ 7 "Fe the cicies be EBF, FH: which rough cats 
W130! 4: other outwardly: ifF..: ; Having Join'd-the:cen-; 

tres .K C by the right line:EK'C which: paſſes by the point of- 

contaQ, or touching F; from! the extream-E of the diameter 
FE,. draw airight line E B,. prolongedta;rhe-other'circle in H. 
fr LIWRgC me arch; 0 Hb greater in lbngrh thay: aps ck TY- 

pt Eeainat- 85 44? 

Let the. 2 circles bet EBF, FHI, whichftooch cat deer In P 
from rhe centre K of one of the circles draw the line KBI, 


meeting them both in Band'in T. 
I fay, Oh the arch FHI is greater in kgrh,chan the arch FB. 


ag!  PROPOS.: ; 2h Aides bf 5 6 
To - the point of Contadt, or peo of the outer Epicyeliicd. 


Fig. Er the. outer” Epicycloid be G'H M;- whoſe baſe is the 
175:4. circle G A, deictibeg from the'cenere C.-And let the 

(En Oe FHA D'iof the'Ey piejeloid be placed-in ſuck 
manner, "that" the defcribing point "y be on the Eprejclocd! in 
that point in which the touching is made : If by the Cemrre 
C of the circle of the baſe, and by the centre O of the genera- 
ting circle-you draw the' right kne*C'A O1, and. by the ex- 
| eas LE 29.6 diamerer A you draw the right 1 lige IH t0 


point 
*'1'foy, the righe line rH rouckes the” Epiegdvd in the 
Pp: Jrar H. 25 


Eemma 5 
_ Fig- 175, . \Tet the two circlis b:F A E, FR D which couch 
_ e:ch ojher im F, having thelt convexities of he * ſarme Hide, arid. 
that the centre Cof the circte FR D7' be our of the diatheter F E 
of thecircle FAE; having drawn'a tight tne EAD from 


"the extream or ene E of the diameter F E, which cuts the Cir- 


cle F F486 E in the poirg A, and the circle F R D in the point {4 
| L lay, 
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» þ Gys that ths arch F RD js wore.is engrh than the arch FA. 


\H rnicg ends (4.5 25 Moda: At RuSm9g oft) 1 S3SATG FD 
Fig. 177. Let the'xw0 circles'b&F'S, FR which touch/in'F; 
and that have the convex parts of the ſame fide, and let the 
centre C of the greater be onthe diameter of theleſſer lengrh- 
ned; if you draw the_line C R D from the centre C which 
cals'the'2/citcles'in R and ry SYTTLOTOT ©. 19s Q71 Sk 
TOE as * Ns & ly Fenton; ate dis act Ss Ed 
2} (ay, thar "the ah 'Þ R of he Teller 45 greater if lenge 
than'the ch F D'of the greater.” awed; BILL? 19 00 hs] | 


PROPOS... | 
(LIC) The 21G 90) 40 fil S101 1803 vel 1 
t i ,” To find the' tonching, of the inner-Epicyeldido': 251 
Tous! 9: nSMACIOND 23 4593 1318919 af ; il. ab 
Git 4iC An Advertiſement 1:nouo od uw 
Tx are three kinds of inner Epicycloids ; the firſt is when 
the Diameter of the;generating circle is leſs than the ſe- 
midiameter of the circle which is in the baſe; the ſecond, when: 
*tis equal'ro-ir ;-and the third; when 'zisi greater ; wehave ſhin 
atithe end-of | the Dimenſion of-Epicyclords,/that:1 mhe ins 
reriaecort: inner, ithar thoſe. that are: of the firſtiandcbirdikin@ or 
ſort,:are the ſame ; 'for that whofe diameter iof : its; genoraring 
CirCle is lefs than. the ſemidiameter of the circle: of ithe Bale, 18 
the ſame as that which on the contrary, the Diamarer:bf its 
mor circle is greater than the ſemidiameter of the circle 
of the Baſe, if the circle of the;baſeis the ſame, and'thar the: 
generating Circle of this laſt, have its diameter equal Oo the diF- 
ference which is-between the diameter of-rhe Baſe,-and th&di- 
amcter of the .generating circle/of- the firſt ; wherefore:b ſhall 
ſpeak-only-here of thoſe Epicycloids, whoſe diameter ofthe ge; 
nerating Circle; is leſs than the! femidiameter:of; the:circlei;of 
the baſe. -For.thar which is of the:ſecand Kindof ringer iEgi- 
pond 'ris a right line equabrq the diameter wfirhe:icircle:of 
the bate. ' 9751 £10 117109 99 "Net 1049 S051 
Fig. 178. Let the inner Epicycloid be M H, whofe baſe is 
the circle ABM, and its centre in C, and let the generating 
circle L H A of the Epicycloid, be. 1d. placed? on the baſe, that 
the point deſcribing H be on the Fp:cycloid., From the centre 
Q of the baſe having drawn the &dius C A roche point rotich- 
ing A.of the generating circly with the! baſe; which /palles al- 
ſo by the centre of the Circic, I ay» 
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1 fTaythat thi ec IH Wha from theexrrea T'oP the 
diameter of the generatin $7 the deſcribing NE H, 
will fowgh.ghe: Etigcbid ;nfhe : point, ON  —_ 


Rm by P 


79. Let the ſemicircle] ST, TEE wg £5 
X ($0 exabe cinqumiernes be iv 


arts that you y 

ne. ys viſion having pr, the i i ren Frm. ch A- 
meter SR, and the tauchings as T B. which are terminated ar 
the neareſt perpendicalars which are beneath 

[ fay, that the ſum of the touchants, as T B, without coun- 
ting the ui whith. is tofuvre;bejog dobwo, by rhe. poghr S, and 
the laſt ; is greater than the circumference -of the ſemicircle, 
wikheut counting the frfem@vhe laſt weGhes of Diviſi ion. 


ed. ln. | 
ond” "oe? 70, 1293S 6I0S 5 = 


x | Y:r7 33G 1515 'v 
ri - Theor ing being. pur//as inixhs ent Lempes, it 
_—_—_— 'theidivifioos-ofithe weft Cores 
pidaB;:rtie finriiof che: Tobchiants:criting: as? choſe-be= 
Ce RY regard co the firſt and laſt, differ nor. ſen- 


iGomithe circumference of che _—_— leaving out the fir 
and {afb mere __ 


ob 


a2 > 10 1612s ih 1 a9! 4 | | 2} 2 Loi ta 
267 3807; Here SP emmy FE LO! 1 97 ig 
th 311 2 1149 
Phe fame thing bang arlbions; ir may be Fab A 
that the ſum: of rhe parts: as AB. which. are-cur off.from the 
of itho| Diameter ofectie circle, berwter rhe:cir: 
cumference:Aand- thac whicts is cud off -B:ofthe! [Upper CoOw- 
chamsMiByowhich is:thenearcit; mapibe- fiannddels thaw ary 
;whichmiay:be propofed; rahd!:by conſequence 
oo points as B, _ _ contidered as | On the Circumterence of 
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Fig, | Tay Inthe Circle' D H B whoſe centre Is c and the 
D Ain. D, terminating in the Radius CBA lengrth- 
ned; 


 -» indefinitely ſmall; the portions; of the ci 


© 
'6f theſe 


7. ane mare. than half, will be always by the conginyal 


Born Ori: ri ww 
RAgi3 bi WER VER uchan 


Y tr. 4 ? T = 
by # + w * " , Sz { .2 i AY 
Lemma EQ. + -; 


"HE © 
*Tis ſaid in the 6tti. Lemme, that; in the: divilions of a Gircle 
ence dilter nor. 


ſenkbly from the rouChanes, being, lelſen'd by the mechod'pro- 
poſed; and that theſe touchaints may be taken for the arches.of. 


the circle, wemay naw. demonſtrate the lame thing, in the, Epj- 
!eycloids, and in.che Cycloids. the lame phung, in the, Epi 


Lammes. 


K ePodr. | Bbok-X. 


: 3 Bd; by. 2: FH. Qi ntvgt - L901 
» ©) dy i: an w gh oY nignss OH On 61 ak brad 
971 2t ning thy 4+ PF S640 og 
"Fre. 0+80, ' The femitircle BD: A. being divided ito parts 
mndetit ely ſmall/as\D/F;'and-by ithe poipgs: of diviion as F, 
- Sevintidrawn'the lines-MPF- Zþ ar.19-the, diameter 
B:andbyahe cx | $ yr onpminef and through 
all-itole-points Gf-divition as D;-baving: drawn'the right lines 
B D M terminating, in M in the PEOOnes M F the e neat- 
eſt to'the lowelt.- // 
- LIfay;-thar the! tom of all the portions, as D M of the lines 
nI » pokes theifernicizcle,/is equabea. the, double of the-diame- 
"xer 'A” 3 HT 72 #*7 4 Retr A377 ST 977 } Bat: 1.4 yeratc 274.4 


i 43%: 2 


Fa inn OS BRI Gs, uh 


I Say, that the bigneſs of the crooked line oft the outer Epi- 

pogy is equal ro the the right. line, which hath the fame rea- 

ſon or rrion to the Uiameter of the generating circle ta- 

ken. 400 me mes, -45 the/ſam.of OO ts bl 10 on ro 

? rug thagenerat of 1 fe,. co the va 
the circle: rp ey pe ; 2a ! of © 


Tn ray rr0ros, IV. 

4 roc e of the. j n & poieyctona is on” £8) _ 
! w 7s; "IE &s th wer 

Kg ference Fri fon LN the Exel 


+ 


af # £4 


£4 hn {' MAS it 


. 
= 


Fe 


Saco 147 1 $-0H0 8: v. 


Fg: 183, N the firſt place, I ſay, that when the Diameter 

"oT of the. ating-circle is equal ro the dia- 
"the baſe, the Epicycloid de degenerates into 
Behchihe fince; ing but the didimerer'of The circle. 
+ Second "If the Vin 'N B'of the generating circle :of rhe 
' TPEy picycloid; is greater than the ſemidiameter CB of the 
tic of rhe baſe, but leſs.chan the: whole diameter ; ; I fay, 
the inver Epicyoloi@'Þ the ſame'asthar which i Glen 


<<? FOLD: "I; i 2; i: ' L 
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bed by the circle DE F, whoſe diameter DEis the difleferce 

between the dia A £8 q Circle, and the 

diameter G B of « diameter DE 

will be leſs in this Xi 4 C B. we may find the bigneſs of 
gens ra By the 4b. Propoſition.” - 

erating Circle have its-- Jiamerer grearer 

A to t 5 EOS Eg the'gi pak? bc Ing 


=o EEE ? p 


5 equa} ro the difference the ner « - generming 
frotootoLics baſe.” | 191 


toi; Es \the:likene 
tion of DQ to D M towards the parts he the baſe of the Epicy- 
cloid, will be the ſame as for the pares above the point D. 
apps s Propeſ is evident, fince we may make the ASS alike 


Hy RATE bot fides 3 &D, 
oF ft og wth F he poet, af 5 o «_ 
ga 24 Fin ot :olf byigos wd3Vo n&q blot: 10 
103 40 £911 34 ET IIN A en691::2 21 
| S1 1ghT19 £ od[[7f9r If 2202ur3t 
483.” Let the Scinieicle beAMCn, Whoſe circinife- 
—_ © divi einto pag indefinicely* FI a, LG Bade 


TE: EE Hm hag I Hep ©, ra 

E 2& 
which meer yeh the Perpertdiculies -6F-theſhearet idivitiohs 
from above to the points FR,.. .. 

I ſay, in any Segment of the 2 py you Hleate, that 
all the portions tagether of the Chords,. ; Contain d 'd 
he circumferetice of the Grels.: Fg 
dicular, are equaÞto the double of the Chord AC; prog 
ſame. reaſon all the rtions taken together in the ſemicircle, 
are equal to the dotible” of Fee ' Ffamerer, which "is allo the 
Chord of the Semicircle. | 


Nn PROPOS. 


my bns Ys 1 c Se: 
1d wnib F MAP F 0's vt. La mg! 
I the E anctoid Þ D, whole © top, is Þ, a0 ay ach mp 


frony ;Benerys! cxcle BD A being 

ate: Cn Socing pin bn 07 ie the diatherer 

*20 COONS the ELE 5 phi ba 
T fag, that ow make. as-C rh 


ro.CK =P 2 

penerncing tacks ſo.the. {ble the: Chord: BD of the 
ol BiD of the ' generating circle which- rs to: the arch: 
PD of the Epicycloid, is to. a fourth» Proportional; that. line- 


will be equal to the arch:B D- of the #picyeloid. 
of the net ar as ok of — if the. Cyciaid. a 
5% RO pales at pet 
v3 clin the {ime 
4 EL TIo whic be ay 2 os xible line ; if _we open: 
unfold part of this applicd line, ſo that its part A'Bbetwen: 
to am oa A and the inB.beſtrecht out, then by con-- 
"Tov ries ih rt A Bic aha he cooked! 
2Þ toy the Curve Or, Cr 
bt one B, WT" aw 


Xt PROPOS IL 
| Line deferibed hl the roul; of an Epicycloid,. zs 
by: ms LE wa ycloid,. 2s aw 


F ET the E; i bud A Fe its generating circle- FDFE.. 
186 ne. ® its ade and. whoſe ix gi ba 06. AEL and: 
the centre C, the top of the Epicychoid let be the point B. 

If from the centre C and the Semidiamerer C B we deſcribe- 
the circle B F M, which let be the baſe of the Epicychid B G K,. 
whole generating circle will be F GH, which has. for its dia- 
meter FH or Bl, which may be determin'd by ſaying, as CA 

1s- 
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43540.C P fo s 2E For AB, 19.9 fog 
'or A ; and having cob from. 0k ZE 
| generating circle, there remains BI or F Hd <A) 


= diameter ſought. 


fro the Boi Roo B BGK (cr 


FE l 5-ah * as. 47 Tus 


s; that, the Curve: 
* _ the Eos line A 


£25 it 8 certain b the AQ 
the right line a bye rope | 


the fieg BB, (90Fh6, 


DEE 


.F g H;. 
(Ein pou Gs not; 0n .$h 
line DF Gs m8 116 m8; 


"then draw H g5 


be like, becauſe of. I | * point int F, . Whe 
like, OT. t A ated] 4m 4g nh ts 
EF will beto F H, as F Do tex and being © OOO FÞp 
will be to. E F more FH, that is EH, as DEOD F more 
Fg, that is Dg; and by doubling the Antecedents.E F or z 
A B, they wilbetoEHarAliagaFD to D g. 
E. Propoſ. the 6th. of the dimenſion of Epicycloids, and by 
1Ripn;z; as. 2 A.Bjare to. Al, ſo Ap. 3s, G 'CP.,:,But as 
Ta is,to. C P, {o is the double of D F...co: the 
| bigneſsor Magnitude of the; portion D Th :of the Epicycleid, 
which er, by - the-roling is equal to the right line D G: 
Fibexe by cqual reaſon 2 A Bargio Al,.a 2 D Fare to 
Kuc,l come wo-demoplhrarcghy 2 A Brape coAjl, 35.2 


je © 
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ew #re1o DG; 452 F D are rb'D 
- be*equatto Dp: then rhe point '7 
right line D'FG, and of t c Circle Pg H,will. 


of a that” the paint Gi in the 


z 2. | —_— 15 2 
CA B”are to” A” viding : 
| San #7 AB, ro A'1* Is 2'A 
bi by : doubling the. Conſequents, CA js ro'z A Þ which "4 
to-A'B, "as 'to'2 A Bro'z. A Flefs'# AB; ant by com- 


is: CA'n © &Brthar'is CB, as '2A B to: 
AP th that'is's AT lefs'z KB, 7 bot 
RATE = Peres ms' of the” ff prop rin 
EB SLOTS it alſo as C A jsto CB; 
Ss of Epi th of the arch BF: 


the Epicichid BD-E, the arch of the- 
tothe Ec of the generating Gre 


; _ FGHrouch c: 
f CUT? alike FD, FG,w of 
ne eovep Hloveproportlor 3 


4c he” ords PD'FO, 
arcyFT DES, PE toPFH;-or as AB 

Fr whih 3 all © 109:TB-or'as thearch A F'to the- 
t arch; A.E is equal to the arch FD; then-the 
td. e arch F'G of cthe'citche FGH; nd by: 

et G's thatk% EE I clid. 
 Bpicycloihs We "nay d&monftrate- the- eve 
thing; only bs bing. Fe: cin '6f -the'proportion - And for 
the: { *tis eaſy to behold by rhe fame demonſtration, that 
the lie which i deſcribed by. irs wo isthe __ __—_ (0 
Ot > 
ET 3 Corollry 'T. | 


c | Mcheo ie fifows nai by Q's thar the: x lies Ca, CB 
E Lare contiemat p toportiona For CAis to CP as two AB. 
o' AL in dividing and doubling the Confequents,, C A will 
19 As be rin an as.z AB (0: 2A I leſs 4A B: Bur'2 
CPlef'z CAare cquat to2 APor'to-A'B; and as'2*A B'fo 
2ALlkf4a&B, © AB'to:AlFkfs 2A B;; wherefore CA is 

t0- 


"_ . = 


EEE > POET OT 
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to:ABasABto AT leſs 2 A B: Butin compounding, CA is to 

'C'A more A'B which is equal tro CB, as AB to A B more 

Al leſs 2 AB, which is equal to BI; and by Altern propor- 

tion CA. is-to-A B, as CB to BI; hiſtly, being Compounded 

'C'Ais'to C A more A B which is:cqual co C iz, as C B ro C.B 

\more BI which s-cqual ro CI: © —_ 
Corollary 2. 


'Tis evident as yet that the line which is deſcribed by the 
roling of a circle, is the laſt of all the outer Epicycloids, that is. 
to: {ay;':that' whoſe centre of. the generating circle is at an 
infinite diſtance; or: that which is. deſcribed by the :end of a 
rightline which roles about a circle in.the Touchant, which 
doth iagree- with the roling of the'circle. . 

*Tis eaſy iro demonſtrate thar-the ſuperficies of the figure of 
this kind of Epicycloid, when the deſcribing line runs over the 
whole circle of the baſe, or that it.comes again to the. ſame 
thing.z: The fgure deſcribed by the roling of the whole: circle, 
 without-comprehending the / circle which;makes the roling, 
is equal-to one third of: the circle , which hath for Radius the 


. Circumference. of the circle | of which ; the, roling is made. 


What I fay of the: whole circle,! the. ſame is. intended of, every 
part:of this Figure. For the figure deſcribed by the roling of 
any arch of a circle, without comprehending any thing, of 
that circle, is equal to + of the Setor of a circle,. which has. 


. for Radins;the circumference of. .that arch, and of ;which the 
; arch ig like-ro-chat of, which.the roling is made; It will be alſo 
the ſame thing for the ;roling of a. greatey arch; and. of the 
- whole circle... For. that 'whach. is - the Erooked line; of: this. 


Epieyeloid, or of that which is deſcribed by the roling,of an 
whole circle-or of any arch, which ſhall be, always. to- 
half.of. the. circumference of the circle or of the arch of which 


;werxke + of the ſuperficie, forthe ſuperficie-of the. Figure Ah. 
- ſcribed by the roling, 6147 ” _ ys 


wes; Gaby on os og + | 


| of the uſe or advantage of Epicycloids i» Mechanicks. 


Fig. V. ET the right line AD be a determined kogeh, agd 
+87. L.: movable on a Plane abour.irs cxtream A; and on the 
fame plane let there: be another right line C B, indeterminace 

towards, 
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towardsB, and movable on the plane abour its extream' C:- if 
'the Extream D of the line ADisled into E and R, :by the line 
CB, which moves it {elf on the point C. 
I fay, that if the lines A D, CB, :be placed on the:line CA 
which joins the- Centers of movement, and the points ;D an 
B be pur one upon another, there will-be ewo powers equal 
between themſelves, which will act with all their force on their 
lines in the points D and's, that is to fay, ( with direCion ar 
right angles ) theſe powers will be in Eyilibrio; bur if the lines 
change their poſition, as AD into A E, and CB into CBE, 
-the Powers equal to X being applied always in the fame man- 
ner to their lines, and to the ſame places, they will be:no:more 
In Equilibrio, but ro make them in Equilibrio, we -mult have 
.another power Y greater than X applied in B, on CE; and 
'this Power Y ought to:be-fo much greater, as the line CB E is 
'removed from C A. | 7] 
"From the centre C and Semidiamerer C:D or:C B, having 
+defcribed rhe 'cirdleiÞp, "tis evident «that CE is .greater than 
«CB. Bat fromthe /pojnt E having drawn © G'perpendicular 
"to A'E, and E FM perpendicular to CE, and :by che point A 
"having alſo drawn'H A M parallel-i6+C E, 'if from: any'pointF 
of the line E F we draw the'line'F G parallel to C'E, the two 
be rb EG, MEA wilt be alike, for-chey are reftangled, 
and their angles in the point E are equally together to a righc 
angle, Hera e of the right angle A E G.' | 
hy oe pools now the 'part EFindifinitely -ſmall, "cis -evi- 
'.dent'thar the line C'E carmor 'be move@ from''E-to' F: abour 
"rhe point C, without cauſing A E iro move to-G abour-the 
* point A, © Bur ir follows from the'Laws of Mechpricks, thar to 
make an Equilibrio berween the power X applied to the ex- 
tream'or end E of the kaver AE, which moyes-according as 
the lite E'G, and berween the power Z appliedro'the-end E 
"of thedeaver CE, which moves according £o'the hne'EP;vic 
is neceflary that X be to Z as E F to EG; that is. $0-fay;-as 
AM.to AE: In fing, if we-ſugpgle zhe. power Y applied ro B 
on the leaver CE in the point B, *tis evident, that ro make an 
Equilibrio between Z ard Y, it is neceflary that Z be.to Y; as 
'CBro CE: Ir follows therefore, that for to make an Equil:- 
bio verween X' apphed to'E on the end' of the leaver AJE, and 
> gpphed in B'on-the kaver-CE, 'it muſt-be-thar X-muſt be 
"10/Y-1:the-compornd-propertion, ofVA-M:wiA E,and of C:B 
- $4*Y;* 23: ro 
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ro:C E, which is the. ſame as, that of the reangle A M, C B, 
to the retangle AE, CE. Bur in the rectangle triangle 
A ME, the fide A M will be always .leffer than the Hypote- 
nuſe AE ; and by conſtration C B will be alſo always lefſer 
than C E, whence it follows, that the power Y will always 
be greater than the power X, and that the more the lines 
C.E, AE are removed-from the Tine A C which joins the cen- 
tres:of the movement, the more the power Y ought to. be 
greater:for to make Equilibrium with the power X. _ | 
Fig. 187. We may likewiſe demonſtrate the fame thing af-. 
ter another. manner, in keeping to-the common principle of. 
the ballance, or leaver. For if. on M A lengthned, we take 
AHe to AE, and conſider CE and M AH as two hori- 
zonal Leavers, the points of whoſe props are in C and'in A, 
and that the cnd'E of the leaver CE haye a weight calfed Z; 
this. weight will have the ſame endeavour on the point E of 
the elbow leaver HA E, as on the point M of the right lea-- 
ver Or; ballance H A M. For 'tis evident, that the weight X. 
in the. paint. H, will be co the weight Z, as AM co AH, or 
A 6 Eau But now if inſtead of the weight. Z applied in 
'B-on the end'of CE, we ſubſtiture a weight Y applied to the: 
'point B of [the ſame leaver CE, for to make the lame endea- 
Vour as Z in E,. it. will, be, that Y will be toZ, as CE ro CB:. 
Then the welght X will be to the weight Y for ro make an 
Equilibrum in the compounded proportion of A M to A E, andi 
þ., C.B.to GE, as before, whence follows what was propoſed. 


Corollary... 


It follows from this demonſtration thar: a power applied in: 
B:.ca the end. of the Leayer CB, will not a& equally a-- 
inſt. anather. power applied in D tothe end of the line A D; 
.1n, the meeting of its extream D, when theſe lines are different- 
ily poſited, their powers will always be applicd-in the fame: 


or mph of their lines CB, A D, and they will a& perpendicu-- 


ly ; Bur then one muſt be ſo much greater as the. line C Bis 


more removed from C A.. 
If you intend the contrary, the power which a&ts muſt be: 


applied to the end D of the line A D; for this foree or power 


ought to be leſs when the line A.D is more removed from: 


A C, than whea 'tis nearer, 


- 


PROPOS: 


in Fe point EF at the'end of C 
-pature CycC 
'N of the diameret DAN to the pdine E, will rotich the Fpi- 
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PRO POS. Wl. 


Fie. 189 THe ſame things being put as in the precedent, 
: 88. 4d I ſay, that if on the circumference of the Cir- 
cle B B as a baſe, we deſcribe che Fpicycloid B H, whoſe gene- 
raiing Circle is D E R, and Radius theline A D, the crooked lin 
of this Epicycloid being join'd to the Radius C D of the baſe, 
and not making with it the ſame mixt line, as 51 the poſicion 
where it was deſcribed, in any place which CB is placed om 
of CA; and the end D of the line A D,' being put on the E- 
picycloid in E, the power Z which is applied in E, at the'end 
of AE, as 'tis in the precedent .propofition, , will be in Equi- 
librio - with the ſame power Z, which! is applied inÞ 10 the 
end B of the line C B, and which"aQts. bn the point'i'by 
meas of the.curve of the Eyicycloid B CS CY 
© Fig. 488. "Tis caſy to ſee in this figure by the; forming of 
the. Epicycloid, . that in any.poſition, which the line C B is 
In, which is joined to the Epicycloid,” the Arches'B B will be 
always <qual in. length to the arches D'E of the” PEPE "; 
wherefore let C B be Ip any PRES. atid”] Wis -power- appfied 4 
B cannot_move it ſelf through'one Atch'Þ B, withour® nio%in 
the other force applied in E on the end*.of the Teaver. A B;'þ 
an arch E E equal in length to the arch BB; whence follows, 
that the powers being equal they will remain” ini Equilibrio; 
which was to be demonſtrated. 8 r E3-BcY 
Fig. 189. We may alſo make this Demonſtration as in the 
precedent propoſition ; and we ſhall find that the ſame me- 
thod which is managed in the inequality of powers, will lead 
us: here to equality by compounded Reaſon: For if. we ſup- 
' poſe that the end'*E of the leaver A E hath the power X A, 
Whih a&ts according as'E G petpendicular'to 'X E,” and thar 
ir ths point Þ ar the end of CE, there be'a owe V-Which'vfts 
cor ng. © PF perpendicylar, co'C'E; *ns* evident 'by ' the 
of the EpicyCloid, :rfar the line N*E drawn/by rhe/end 


{ 


cycloid in"thar point ; and that as when the point E of theend 
of the leaver C E ſhall have run over a ſpace EF indefmirely 


"ſmall, thefame' point. E of the end of the Jeaver A E wilt be 
- come to G,” Where the line F'G, parallel to E N, meets EG 
* perpendicular ro AE; for the ſmall portion F G of the Touch- 
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Book X. Mechanick Powers: 23r 
ant.E N may be conſidered as the ſame curve. Bur having 
drawn F.C which meets the circle B B in L, the arch S$ L'of 
the circle BB between CE and C F, will be equal in'length 
to-E G by the nature of che Epicycloid ; for when the poine 
E of the Epicycloid ſhall be come to G, the beginning of the 
Epicycloid B on the circumference of the circle BB will be- 
come to O ; fo rhar the arch B O will be equal coS L. 

The Power X runs over then the ſpace E G, when the pow- 
er V runs over E F, and for to make an Equilibrium-berween 
theſe two powers, it muſt be, that Z muſt be to V, as EF ro 
E G,. that is to fay, in.reciprocal reaſon of rhe ſpaces run over. 
Bur laſtly, if we ſuppoſe rhe power Y in the point S, or'in'the 
point B, on the circumference ofthe circle B B; and that ir makes 
Equilibrium with the powet V, it will come to- paſs that V 
will be oY, as CB to C E;'then the power X will be tothe 
power Y, in the compound reaſon of E F to E G, which is the 
ſame asE Fro SL,or that of CECQOCSorCB, and of C Bro 
CE. But this compounded reaſon is a reaſon'of Equality,where- 
fore the powers X and Y-ought'to be equal 'for 'ro make Equi- 
librium between themſelves, being applied, as we ſuppoſe, 
which was to be demonſtared,'' ** 111; 2p 

| Yate Frong Corollary.” ” - * 

' "That which I come to demonſtrate of the Epicycloid de- 
ſcribed on the circle BB, for its baſe and for its generating,cir- 
cle-D'E, whoſe Radius is A'D, the meaning is the ſame, it the 
Epicyclaid be defcrived-on'the' circle »D: E for the baſe, and 
thar the generating circle be” the circle B:B, -and»its Radius, C 
B; for the mbvement or motion wilt be always equal from 
one fide or tother. 


I. PROPOS. WM. 
How to make the Application of motton equal to Engine. 


Fig. 190.) Et there be a circle BO L whoſe centre is C, 

and another circle D E F whole Centre is A : 
On the circle B O L, as a baſe, and for a- genenerating circle 
DEF, deſcribe the Epicycloid B V H, and divide the circum- 
terence of the circle B O L into any number of parts, as here 
| OQo 12tu 


Ks teeth, and: make it move on the centre C.. 

Now if we apply another wheel: to: the hinder part of it,. 
whoſe centre is in the. point A in the Horizontal line A C, ard: 
that: inſtead-of teeth, on the circumference O EF, we apply 
enly in' this example the pegs or pins of wood DEF; &c.. 
which-we ſuppoſe indefinitely ſmall: and perpendicular to the- 
plane of the wheel; 'Tis certain by the precedent propofition,. 
that in any poſition that weplace the wheel. B © L whoſe teeth. 
meer the pins of the other wheeE- D E F, they will be in Equi- 
librio,,if the moving forces applied tothe: Circumferences of: 
the rwo wheels be equal. between themſelves... 
| Ler chen' for this effe& a weight Q be hung from the cir-- 
eunference of the wheel. B ©.L, equalito the: weight: R, hung. 
and applied to the circumference ot the wheel DE ;. theſetwo- 
weights will then abide always in Equilibrio in any manner- 
thar the teeth of the wheel. B O L meet the pins of the wheel: 
DEF. 

Bur if we apply a: weight. Þ to the cixcumference of another: 
wheel S T, which hath ics centre common with that of the 
wheel BO L, and: which is faſtned. with it, this. weight. Þ will: 
be to: the weighr Q,,as CB ro CS, the weight P will be till: 
i Equilibrio with the weight R, in all the different mectings. 
of the two wheels; for che weight P making Equilibrium 
with the weight. Q, it will alſo be in Equilibrio with the 


_ weight R.. 
74, Pro.. 
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"I being diſpoſed as in the precedent, T fay, it mat- 
rers not whether the diviſions of the wheel B K L be e- 
qual between themſelves, that is ro ſay, that the teeth be e- 
qually diſtant one to another, nor the pegs DE F on the cir- 
.cumference of their wheel. | 

Tr matters not whether it have one or more teeth of che 
wheelB K L, which a& all together on the pins of the wheel 
DEF, for there will be no more but the ſame force which 
will be applied againſt that of the wheel DE F. If it have 
bur one, as B VH, all the force of the weight Þ, will act againſt 
that of the _— R, in meeting with the peg D. 

Fig. 190. If you would have two together, as B V H and 
K1, of which the firſt as on the peg D, and the other on 
the peg E, 'tis evident by the conſtruQtion of thele teeth, that KI 
will have as much force or power on the peg E againſt the 
weight R, aSBVH on the peg D againſt the ſame weight R; 
and by conſequence the force of the weight PÞ diſtributes it 
ſelf equally to theſe two teeth, each of which counter-ballan- 
ces the moiety of the weight R : It will be the ſame thing, 
if you have three or more which a& all cogether. 

Thus it matters not if you have one or more teeth which 
work all together, and *tis indifferent what part of the tooth 
meets the peg againſt which it aCts, ſince it will have always 
the ſame force ; which was to be demonſtrated. | 


PROPOS: TV; 


'E He Engin being diſpoſed, as before, for to make an Z9qui- 
k /ibrium, between the two weights P and R; I fay, that 
if you augment the oy force of the wheel BKL; or, 
which is the ſame thing, it you add ſome weight Z to the 
weight P, this force, or this new weight will a& equally in 
all the different encountrings or meetings of the toothed wheel 
EKL with DEF, on the force, or on the power ; or laſtly, 
on the weight R applied to the wheel DEF. 

Since to make an Equilibrium between the weight P, aug- 
mented by the weight Z, and the weight R, you muſt 
augment the weight R with -_ weight Y, which mult be to 

O 2 the 
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che weight Z ( which, makes the augmentation of the weight 
P)asCS to CB, and then'the two weights R and Y toge- 
ther will make through all an Equilbriym with the two weights 
P and Z' rogether ; "ris evident, *that in' any poſition' which 
/ theſe two wheels .are' in, the weight Z will be always in 
Equilikrio againſt the weight Y ; and -by conſequence the two 
weights P and Z together ' prevail always with the fame: force 
againſt the one weight R, which is meafuted-by the weight 'Y, 
fince it wihrs this weight rv mike the*Equilibrium;, which was to. 
NTT SES 1909707 1% 30h) HON "7 7 910 
{ Be. Fr.Y EY 


1 E.may place. che Superficie, of two Wheels in the. ſame 
Plane, and- inſtead of the pegs or '/pins: which ſhould 
be-faftnedion the. Wheel D E-F, ,we may make the teeth at: the 
end; of this, Wheel, and, give, them what:Figure we pleaſe: But 
then the/reeth of the other Wheel whoſe figure will be in the 
Epicycloig, ought. to. have a figure compoſed. of thoſe, of the 
 Epieyclaid and thoſe of: the teeth propoſed, this compounded 
figure forms it ſelf, as I ſhall explain in the, following Ex- 

amples. | o #85 23 61 Vfture Y: 
3% ' 1 Example 3. wo 4roiom ts 75; 
Fig. 191. ' The moſt ſimple” of all'Figures is the Circular; 
wherefore 1 propoſe ar firſt fight the figure of the teeth of the * 
Wheel BEF ina circle. 'Ler the wheel be BEF, whoſe centre 
is-in'A, which 'hath its'teerh of a circalar Figure, as B OP; and 
whoſe centres will be on thecirck 'D'G My/which hath irscencre 
comman with thoſe of rhe Wheel A; let rh& centre of the other 
Wheel be C; having drawnthe right line C A which joins the 
centers of the rwo Wheels,and which meets with the circleBE F 
, in B, from.tfie genre C, avd with the Radius C D deſcribe the 
circle D I, or witich as'a baſe make the” Epicychid D V H, which 
hath G M for'its generaing circle. ' Now If frofm'all the'pbiats 
DV'H,”of the Epicy chit, as Centers-you deſcribe the circles 
© NL equat to the circte which forms the reeth of che Wheel 
BEF, the crooked' line ON'L which routhes alt the circles, 
and*which will be Paralletto the "Epizycleid, will form the 
f£zare of the teeth of the'Wheel BK, rhar is ro ſay, that part 
the cook which a againſt the part. of the" circular rooth 
Het meets in'its motion, for to the other parts of the teeth 
it meets norwithy-T have already ſaid-that they may » 
RO made 
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made of whar Figure you pleaſe ; bur you ought” always ro 
make choice of thoſe which ate moſt dyrable,” and moſt proper 
to reſiſt the force of the motion.” 7 IN WEED, 

Tfay.now, if you apply equal.powers'ro theſe Wheels\with- 
in the diſtances of their centers C D, A D, in any place rhar 
the teeth meet, you will have an Equilibrium every where; 
only it muſt be obferved that the meetings of theſe Teerh muſt 


be always under the-line AC. HD 

By the 3d. Propoſition in any place that the Fpicycloid D'VﬀH 
is applied tothe point D of the ,Whieel D G M, in making'*t 
move about the Centre A, it wilt make an Equilibriam berween 
the equal Powers., . For if one of the powers cauſe the'other 
ro move, it wilt cauſe ir ro run over a ſpace equal ro that 
which the fame runs'over ir, fel. Bur by 'conftru@ion of the 
tooth O NL,” we fee thar the crooked line ON L'meetingthe 
circle B z ÞP makes the point D; ſo much -advance,' as if the 
Epicycloid D V H, met it: * For the diſtance berween'the”Epicys 
clid D MH, and the crooked line O N-L is every where, that 
of the Semidiameter of the Circular tooth B 2 P. 

For example, when the centre of the tooth D is come ro G, 
and thar the Epicycleid D V H is placed in'1 G, its point G be- 
ing joyn'd co the centre of the circular tooth, "tis evident"thar 
the arch D I of the circle. of the” bafe will be equal'in length 
to thearch D G of the generating tircleD'G M ; *But'rthen 
the crooked line O N L will be placed in o »1, and the circu- 
Lair tooth E » p which hath its centre in'G, will neceſſarily rouch 
in the point », the crooked line or curve o#1, for the ſhorteſt 
diſtance, from the point G of *the' Eproxe/ord'to' the” etitve's# 
will bein the potot couchant # of the cirele”E np, ant} of the 
curve. So when the point D of the Epicyeloi41s Eome to'I; the 
point O of the curve will be come to o, the arch O » will be 
equal to the arch D1, and the curves n/ which meets the Circu- 
Lr togth in », will be made to adyance. irs Centre in G on the 

picyclaid 1 D, and by conſequence” the atch D'G will be equal 
in-length to the arch O «,'or DL oo ee] 

I have ſaid that the teeth ought not ro begin to:meer or ren. 
counter themſelves but underneath the line A C, that is co ſay, 
that,.the bending O N L is not proper for to a&t on the circuhkr 
teeth, bur when the point O of the curve ONE &s come to 
D ; and by con{equence this curve ONL begins not to'a& a- 
gaintt the Curve or bending of the circalar roorh, bur in the 

| point 
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point Z; where it is:cut by the circle. D G M, and it continues 
always in the Rencounter or. mecting :4n its part ZP, in de- 
ſcending beneath the line A C. . We may then lellen-all the 
part.Z'B of theicieceular tooth, fince "tis not uſctul'in the 'mave. 
ment, or motion, and 'finiſh it on the cucle-Z D. We may 
-alſo finiſh the.teeth of the other Wheel by the curve L NQ, 
and by the circle O D, which will be the ground of the teeth; 
'But in this conſtruftion we ought to diſtribute the teeth after 
ſuch: :manner._ in each Wheel that they. begin to, rencouncer 
or. meet ane another only, in; the line {A C, and that the 
do ag hindes one another above, Which will always be caſy 
40 69. | 

Alſo nore, that the curve L NO Parallel to the Epieycloid, 
popes always out of the circle Q D 1, and afterwards that it 
3s between, or within ; and laſtly, that the diameter of the gene- 

ing/circle is greater than, DB, which is caſy ro demonltrate 

generation of the, Epicychoid ; bur I conſider not in 
l ce. bur the .part'O N L of this curve which is withour 
the circle O DI when ”tis in this kind. | , 
, We ought always to avoid in the teeth of Wheels to make 
them work aboye [the line; A C which Joins their centers, 
becauſe the wearing or xubing inthem is yery great, and that 
On. the contrary .'t;s; not . almoſt conſiderable in them below, 
= hav that the motion of che Wheels will be, from above 
To- beneath the line A C. In.the mean time if you would chat 
wy of thele Wheels. work in rencountring themſelves a- 
boye A C,, it muſt be inthe making, as I ſhall ſhew by and by, 
after.L haye ſhewn. a. general merhod for making the tecth of 
one Wheel PO erent -manners, thoſe of. the other being al- 
ways: given the lame, 


Example 2. 


Fig... 192... Inſtead of the Centre D of the circular rooth pro- 
2oled as in the precedent examptk:, I take another point like 
that. where 1 pleaſe, as B. an this rooth, and by meays of this 
point I find the- figure of the tooth B N N, which ought to 
work with the propoſed ; bur for to cauſe the tooth propoſed 
to. at or work in- as many parts as is pollible, we ought ro 
chuſe a, point in. this rovth which may be the neareſt co the 
Centre el of the other Wheel, in the motion of this point 

| choten 
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choſen abour' rhe center A of the Wheel unro which '*cis faſt- 
ned; and this point will- be the point B in this Example. 

From the centre C and with the Radius CB deſcribethecircle- 
BK, which will be the baſe of the  $e wee B V V,: whoſe 
generating Circle is B G G deſctibed from the. c«ntre C and 
Radius A B; then from che centre'A having drawn the Ra-. 
dius AG, from the centre C, and by the Radius CG we-may 
deſcribe the circles G V, which cur the Epicycloid in V, and 
by theſe points V we may draw 'the tines V H I, which make 
the angles C V I equal to the angles C G A. Then on the lines. 
V HI we may apply the figure B z of the rootly propofed in. 
the fame manner as 'tis applicd. to the line A B,-in making it 
agreeable in the point B of V, and we may draw' the curve 
line FN N that ſhall couch the curvature or bending of the pro-- 
poſed tooth, in all thefe different Pofitions, which ſame thing, 
will happen for the circle, if we rake on V-H the Magnirudes. 
V H equal to BD the radius of the circle of the'propofed'tooth,, 
and: that from the points H for a center we deſcnbe'the cir-- 
cles-N equal to thoſe of the tooth. _ 

It plainly appears by this formation of the curve. BN N 
that in any poſition rhat it meets the circular tooth, the point: 
T of the.curve B'N N being beneath A C, there will be eve 
where aft. Equilibrium berween 2 equal. Powers applied to theſe: 
Wheels We c OY C Te B, tor Tone Fete on A :. For: 
we may demonitrare, as 1n the Preceedrng example, that 1n- any 
poſition that-the curye B'N N'% ipplied to the circahar rooth,,. 
1» will 'be diſpoſed ro make'"irs way in the point B: on the-cir-. 
cle F G, a ſpace equalto thar| which the fame point & makes; 
on the circle FK. For example, if the point'B in runing over: 
the ſpace BK on the circle BK, the ſame point R. comes to: 
G, by means. of the Epicycloid B V, which muft be placed! 
in K »,, but the curve BN N will be placed in K », and its. 
point N will be applied in the point »,of the circular tooth yZ, 
tranſported in'G », which will have 'its center in hon AG, 
and by confequence the curve K », which: a&s on the circu- 
lar tooth G.z in the point », makes the point G to-advance,. 
ſo much, as if the Epicycloi4 ſhould be placcd in*K G, and 
Joined to the curve K »n. 

'Fis cahly ſeen, rhar if the tooth of the Wheel BK is formed: 
as the curve BN N, it will begin ro a& on the circular cooth 
BZ, in the point g on the line A C: For fo ſoon as the _ 
: RB Of. 
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D Z is applied toB DA, that is to fay, that V H is taken 'e- 
qual to BD, and that the angle V HZ, is equal-ro the angle 
BD Z, the lines H Z will interſet them all, whence we may 
draw the curve line D N which will touch them, this line D 
N- will be the figure of the tooth which we ſeek, and which 
ought:to:be applicd to the wheel p K. 

*Tis evident by what is:-demonſtrated | before of the forma- 
tion of the ſecond teeth on the firſt which are given, that the 
curve D N of the tooth applied to the wheel B K meeting the 
right lined tooth D'Z below the line A C, and beginning in 
the point D will make every way an Equilibrium berween 2 
equal powers applicd to the 2 wheels in the diſtances of CB 
and AB, that 15 to ſay, in the extream of their Radij; for if 
we ſuppoſe that the line C B have tranſported the point B toK, 
the Epicycloid B V M will be placed in K G, and the line AB 
will be placed in A G, fo that the arch B G will be equal in 
length co the arch B K by the property of rhe Epicycloid. 
But then in this poſition, the-tooth' will be in A'S 4, andthe 
curve D N being putinE », its point #» which is the ſame as 


the point N, will couch the tooth in »; and even as in all the 


points as G and K the motion will be equal, rhere will be eve- 
ry way an Equilibrium between the two equal powers. 

Where Note, That we ought not to determine the lengrh of 
the right lined face Z D of the tooth towards D; for it may 
happen in ſome caſes that the curve D.N may nor be touchant 
to all the lines, as H Z, for theſe lines H Z interſe@ not, their 
extream H being determined and they rencounter not the next ; 
and if we ſhould draw the curve line D N N through all the 
points as H, it would happen that only the end or extream D 
of the tooth would work, and would notwithſtanding make 
the motion equal, bur this is nor that which is propoſed in this 
place. 


Example 4. 


Fig. 194. We may yet make another ſort of right lined 
tooth, . the face of which tends to the center of its wheel, and 
by this means the tooth which acts againſt it, has not its face in- 
clined to the Circle on which it is fattned, as in the preceedir'g 

Þ Þ Exam- 
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Examples, and this kind ef tooth is one of theeaſicht toexecure in. 
great Engins;. and moſt u{ctul-for the motion. 

Let the face be F D. of this right lined rooth which tends to 
the center A of its wheel, and//which is placed in the line-A B 
C which joins the. Genters of the wheels. By ay. point B! of 
the line A C, and from the:center C,' deſcribe che circle BK 
Which is the baſe of che ; Epicycloid B V, whoſe generating. 
Circle is BG; deſcribed from the center Aiand the Radius A 
B; having drawn all the-Radjj A G, and the lines C G which 
are the Radij of the circles G V which rencounter the Epicy- 
doid in V, whence the angle C V E will be made <qual to the 
angle C GA. Lafily, whence we may draw the curveDNN 
Which will couch all. the bnes VI in their different! poſttiors, 
ang. which wil-be the figure of. che tooth which oughr'to be 
applicd: ro.the wheel B K. - This. tooth D N'N rencounters. 
tiie-face F,D in all its different pofitions, and will make every 
way an Equilibrium /berween 2 equal powers applied co their 
wheels in the diſtances of -C:B and;A B.. For the curve DN N 
being placed in 4», which is: faſtned!' ro the Radius CK and 
renCounters the face A F:D of the tooth propofed in #* in the. 
poſition AG, will make the ſame effe& on the point G,. as the 
Epicycloid-D V. placed in K'G, as I: have made appear in the 
preceeding example. - E 

. 'Tiseaſy ro behold by what is-explained before, that ic will: 
nor be difficulr:ro form rhe tooth which we ſeek, that which 
s given -being-of another! figute than- the circular or righe 
lined; asParabolique, Hyperbolic, and'ithe fame in the Epicy- 


Ccloid. 
PR © F ©-S;-: NM, 


Ne may deſcribe an Epicycloid on a baſe which is con: 
Q centrick to the wheel which carries the propoſed tooth, 
and by means of this Epicycloid, we may tind the Figure of 
the ſecond tooth, as in the prececding propoſ:tion. 

Fig. 195. Let Z D'be-the figure of the tooth propoſed 
which- is applied to the wheel Z, the center whereot is A ; 
and/on this hrit rooth mark the point D, which ought to begin 
ro-work or att with -che-ſecond tooth that- we ought to apply 
19-the other wheel, place the tooth ZD in making it _—_ 

Wl 
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with its wheel about the center A, ſo thar its point D be on the 
line AC, which Joins the” centers of the 2 wheels ; in this 
poſirion of the tootrh' Z D, having markc any point B that you 
pleaſe on the line A C, from the center A, and with the Ra- 
'dins A B defcribs the circle B G, which will be the bafe of the 
Epicyctoid B V, whofe generatizg circle is B K, deſcribed from 
the center C and Radius CB. 

'Tis evident by what is demonſtrated before, that the Epicy- 
cloid B V being faſtned to the. Radius'A B, will ſo much ad. 
vance the point B from the Radius CB, as the ſame point B 
advances: on the circle B G in any potttion that the Epicycloid 
ſhall be, as if it is tranſported to G K, the arch B K will be e- 
qual in length to the arch BG, and ſo the difference being 
every way the ſame of theſe arches, they will alſo be.equal 
in length, in manner as i che Epicycloid is placed in G K, che 
point G will not advance any ſpace, bur will be. on..its arch 
B G, and ir makes not fo nuuch to advance the' point, K on the 
arch B K. | 

Now to all thoſe points K of the circle 8 K, having, drawn 
the Radij CK, and afterwards A K, and from the center A 
and Radius A K, having deſcribed: the arch K V which.curs 
the Epicycloid in. V, and the line. A C. in F, whence the arch 
K L will be equal to. the arch V F, and then drawing. LA 
which will cut the arch B G in G, whence "ris evident, that 
the portion B V of the Epicycloid may be accommodated- in 
G K. | | 

Having made the angle C BI equal. to the angle CKA, and 
BI being equal ro K A, whence alfo the angle BIg will be 
equal to the angle KAG, and on g I equal to A B,or io AG, if 
we apply the curve E N Z of the tooth given D Z,in the fame 
nianner thar it is applied on B A, as if we tranſport it fo that 
the point B be pur or placed in g, and the point D in E. 

Laſtly, the ut of che propoſed tooth in all its different 
poſitions will form another curve N N D by a.line which will 
couch them all, which. will be the figure of the ſecond rooth 
which we ſeek, and. which ought to be applied ro the wheel B K, 
or to the radius C B VU in the manner which tis deſcribed, 

'Tis evident, that: this curve N'N D will ſo much;adyance 
the point B on its arch B G, as.the ſame point B advances gn 
BK : For when the point B is placed in K, the Terve N D 
will. advance the tooth 7 i in $- 4, for the point -» of this 

Pp 2 Carve 
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curve which rencounters the tooth in the poſition $.» 4d, ren» 
counters it in the ſame manner, and. in the fame place as the 

int N which it forms. So the Epjcycloid will be-in the po- 
mon G K, andby conſequence two.equal powers being ap= 
plied” to-theſe rwo- wheels in the: diſtances.of their Radii A B; 
CB, will a& every. way equally, and will make an Equilibrium 
In all the Rencounters of the teeth of the-two wheels.. 


PROPOS. VII. 


To apply a little Wheel inſtead of a Tooth to the Wheel of 
an Engin. 


Fig. Þ Have: noted” in the 6th. Propoſition, Thar the ſecond” 
196. & Tooth ought nor-to begin ro work. with the firſt, bur: 
on the line AC; becauſe that the. wheels having their mo- 
tion above or 'below this line, tle faces of the Teeth which: 
rencaunter themſelves in their removing one. from ahother, . 
do only rub one another in making their eſcape, which cau- 

ſes nor any ſenſible hinderance to the motian ;. whereas when- 
the rubing is made by the rencountring of the parts. which: 
venter or come upon' one another, the Impediment to the mo- 

tion is very conſiderable, and is1hat which we chiefly. ought. co. 
avoid in Machines and Engines. - 

i Behold: here: a particular conſtruftion for the Teeth of: 
Wheels of a great Engin, where the. faces which rencounter- 
themſelves or meet, are made fo thar they rouch one another. 

withour rubing or wearing, and'what remains 1s only, made on: 
the Axis,or Pivor.. 

The conſtruction of theſe Teeth is the ſame as thoſe of the: 
firſt Example of. the 6th. Propoſition, but the Application is: 
differenr.: In the 6th. Propoſition rhe circular Tooth propoſed: 
is ſtayed: firmly by the Wheel; bur in thofe here. thar. is a lit-- 
tle wheel which is movable abour. irs centre D, on an axle- 
tree, or pin, placed at the end of the Radius: A D ;. there will. 
be ther; no other fretting, or wearing, in this Engin, than thar. 
of the- little wheel BZ P on its axis ;. for the circumference 
will apply ir ſelf every way, without fretting, or wearing, on. 
the Curve. of the_other Tooth QNT.. 
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'Tis-evident, that this application of the little! wheel. cannor 
miake any varying from what L.have demonſtrated of the cir. 
cular Tooth in the 6th. Propoſition, and that, the effect of the 
Engin: will: be the ſame : For it. matters not whether ' the 
Curve ON L rencounter-or meet the circk © Z Þ of che lir- 
tle wheel, or the rooth of the ſame figure, ſince its center D 
will be always the ſame way. 5 EH DITL%4 


PROPOS. IK 


The Conſtruftion of an Engin to raiſe Water according to 

the precedent Form. | | 
Fig. } MOI isa great Wheel-made-of great pieces of wood 
x97. joined rogether. one with another;;; which is (poſited 
or-placed horizontally, the Axis, or Tree A B, of this Wheel is 
a large piece of wood. which is moved by its: baſe ona Pivor, 
Or Spindle P, being only faſtned at top with a pin of Ilrom-re- 
keep, it always-perpendicular :: This Wheel is. toothed; or. wa- 
vob-on the edge after the, manner of Wheels jn-rencountring;. 
or meeting, in common Clocks ; and it hath. bugs; Feeth; as- 
O.1, which-a&t in paſling upon the little Wheek R$; which-is 
movable on its axis C,: This Axis is faſtned to: the atm D C, 
which is likewiſe movable abour its axis D, which is ſtayed 
firm at any- union: The arm DC is join'd and faſtned; toxhe: 


without the other ; on the thickneſs of the-arch'E Fie.amatb 
have a double flat chain H G, faſtne& cowards! the rop:in E;, 
and this Chain hath two rings at the end of it, which fu- 
ſtains the handle of Iron which carries the Pin, or Peſtle; of a: 
drawing Pump: The Leaver, or Arm. N, of this; Eng paſſes 
in.the .Tree in B, and may, be ſtayed if one mill by the 
wheel-to-make it more firm ; it maſt: have two' lice: Wheels; - 
ſuch as. thoſe I am coming to deſcribe, which are diamerri- 
_ cally oppoſite under the Wheel, and which do always a& by 
rurns one after another ; for by this diſpoſition of the little 
wheels when-one appears-in the bottom, or hollow of the wave,. 
the other appears. on the cop + But the Wheel curning from: 
© to-I, the little wheel deſcends in the rencounter tothe part: 
© Q of. the wave, and amounts again in the other, we muſt 
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portion of: the circle D E F, fo that they Apeliogkd: wy 


os 


confider but-the: parr*'O'Q_ of the wave, for there is; but 'thar 
_ that {works for zo {lower the lecele Wherk which raiſes'the 
Peſts; or Sncker, of che drawing; \Pump;*and: which ſuftains 
all-che weighr-of water; the'h fic Wh Wheel mounting again'in 
the orher+ part of the wave makes _ any_etfort or are gr 
againſt the Wheel, for ir follows only the hollow turns 
winding of the Tooth, nor being-r fg: bur by the mes + Jr 

che Peſile, or Sucker, and its handle, and of the Triangle D E "4 
which fall again beneath by theiripraper weight, which we may 
make very near equil to that of the lirtle wheel. 

All the effort of the Wheel is made only by its weight .in 
ach manner, that if it is as heavy as the weighr of the Co- 
lumn of water which it ought to ſuſtain in the body. of the 

Pump, -the diſtance of the Leavers being Co ne, cis gy 
decendarcivore wit: not'be 'ahy evlideradle rod $18 
of gotir muſt be always fomewhar heavier," 
"oy tible ; our of theTror/ wherein the Pivor plays, ratys big 
ir will wotk on the rwo- link wheels all the tim, which 
ako puhev/cf Teeth of this Wheel: oppts be.odd [ 
| x 1067 $ to 
: thattiri maprHhave always ons of the rwo little Wheels 
which” ,art/ ind that he power which moves the Rind N 
mays hap equally, andinot'by 58.0r skips; ab It com- 
i 


ens in; thoſe Engi puſs; ch have nor 6he or two 
theels.:. [Tis in -this that- tis po Fr dire&ior of the con- 
fwugid © Teeth, and; che poſition of {mall wheels confiſts: 
-- Sov winch; ar weary always keep to the rule inthe form 
of theTeahowe:muſt have feet to the proportforss of the 
_ and! lengthy of the Teerh' with 'the diameter 'of the 
AF: 31: F*3 
- Wemuſb obſerve char tis pot poiible that rhe face of this 
rand. ;of the waves of the wheel, ſhould work inevery phee 
- o_ Hetle wheel. ar iequat diftances'fr6m the Axis prof 
wiheel, 1Yeomſorie motion of the wheellhs circular ind how 
I REP the little-wheel is Vertical-or Pet Wn 
tat ; for ichappens thar when the Teeth rcncounter tle little 
wheel #n their lower part, and- from their - petne, if the Axfie- 
gre: of the! liwle. wheel/is--equally removed from the Axis of 
the wheek it; wilt: be nearer when the little wheel'is rowar ds 
<he:moiery of tes deſcent; which will be Exh ly knowrr in the 
FRge] this dilierence- 07 removing wil canſc4r hitle frerringſ'or 
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wearingi-of the face of the Tooth with the little wheel : Bar 
theſe 'are-ſuch faults which are tmpoſſible ro. be! wholly avoid- 
ed in. Engins,. and we ougtr'to'reſpe&t thoſe whic have the 
leaſt, or/the'leaſt conſiderable, for the moſt perteEt. 

For thecanftrufion' of the Teeth of the great wheel of this 

Engin; >»we:dught ro contider them/avif they- were in the ſame 
plane as'thoſe-of ithe little wheel, -and) when we have deter- 
min'd the figure, 'we apply it-on/the wheel to-the pluce where 
it- rencountcers, or meets the little wheel, ferving as a profike or 
fir ſize cur from the figure of the Tooth. 
._ Fig. xng8. Having derermined/the' center D of motion of 
the arm D C of the little whed R 3,” and the fize'D C'of the 
arm, from the center D; and by the Radirs D'C defcribe" the 
Citcle C E, on which draw the line AB C tbuching in C;. 
en the line B A for a-baſe, and'' CE for the generating circle 
deſcribe the Cycloid C V V,' and through all #ts points V V as 
centers deſcribe the Circles N. equal'to thoſe of the Hhttle wheel; 
I ſay, ' that rhe crooked' or curve line SN N 'whick*touches all. 
thoſe.circles will be rhe figure of the Wave.' + © , 

If we imagin that the right'/hne B'A'moves from B towards 
A onithe ſame with the Cycloid-CV V which is faftned to ih 
"tis evident that every point''B of che line BA will have fo 
much of the: way- as the point C will have abour the center D, 
being moved by the Cycloid V'V : For if the point C of the - 
line, B A-is tranſported in 'F poets 4 the ſpace C T, the Cy- 
clbid'C V wittibe placed in T E, and the point C wilt be arrt- 
ved at Ey on the arch of the-circle C E: Bur by” the generart- 
on of the Cycloid, the arch'CE is equal inlengrh ro the Tight: 
line C T, then two'equal powers one of which moves the” thi 
CT on the ſame, and-the other moves the point C about the- 
center D, will make an Equilibrium every where; for we 
ought to conſider the right line B A as the circumference cf a 
circle whoſe center is infinite or endlefs. | 

Bur now- if inſtead' of the point C'of the Radius D- C, we 
apply the- little circular wheel RS, whoſe center i&'in C, *tis 
plainby the conftrution of the carve SN N thar ir will have the- 
{ame effect on the center C of the little wheel 'in rencountring 
its Circumference, as if che Cycloid CV V ſhould rencounter- 
only the point C: For the center C being, put or placed-in F,.. 
the point N of the curve $'N N will be placed-in », fo that-E. 
2:W1ll be aſhorter diſtance from the point E of the.curvye.- 


Ins 


296 Mechanck. Powers. Book 
In 'the conſtruRion of the Teeth of this Engin, one ſerves 
not "all. the curve $ N'N form'd on the whole Cycloid, bur 
only-on one- part, and that which you. pleaſe, for otherwiſe it 
would happen that the waves would be too great. We may 
then take for Example in Fig. 31. the middle part N X of the 
whole curve SN X F, which is formed on the'half /Cycloid 
C N;; fo the battom of the wave will be. formed by the circle 
of the little wheel in the poſition N Z Þ, and its point wil 
-be in-the- point X; we may give very near the ſame figure to 
the part of the Wave which mounts up again and works nor, 
to the intent. that the little Wheel may roul away more. eaſily 
in; remounting within the bottom. 

' Fig. 199, We muſt note, that when the little Wheel is come 
to the end X of: rhe Wave, the center M of the little 'Wheel is 
not ſo far as it may be from the point X, that is ro ſay, that 
the line M X is nor perpendicular to B C: But as the point 
X deſcribes a line parallel ro B C, it works: only . on the cir- 
.cumference_ of -the little Wheel, until that the point, M: js 
come within the line. 'M X, perpendicular co B C ;-the::center 
M. of the little Wheel will deſcribe then in that place a ſmall 
arch of a circle equal/to thoſe of the little Wheel, and it will 
happen that the point X of the wave will be blunted-or 
dulled a little in the ſucceſſion of the work, which will not 
happen if one ſerves for all the cuyve N X F; for the wave will 
not be one point from its extream F, as in the point X, be- 
Cauſe that the Touchant of..the -curve-in F.is Parallel to BC, 
and the Touchant-in X is inclined to the ſame line B C:: [Tis 
evident, thar'-the work of the point. X will only: endure fo 
-much-:more time as the - little Wheel is more great; for the 
.arch which the point M. deſcribes, will be greater for draw- 
ing the point M, in the line drawn by X perpendicular to B C, 
than if the Radius of the lictle Wheel ſhould be lefler : There 
4s ſtill one inconveniency in a great little Wheel ; for 4c muſt 
have-greater:ballances on one 1ide, and. onthe other under tle 
wave, becauſe thar it moves on two points one of which is its 


Pivot, and the other is that of the arm and of the Portion of 
the circle which carries the chain, which will not be ſo con- 


ſiderable in a ſmall Wheel : put if the little Wheel be very 
ſmall,'ic muſt. cake away a greatcr portion. of the curve N N, 
10 form the. wave that it; may: have always the ſame Eleva- 
tion ut the peſtle, or rod of the Pump. 
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'Tis caſily. ſeen that the chain which is faſtned to the portion 
of thie circle ſerves to raiſe the Peſtle always perpendicular, 
which is a very good uſe in theſe forts of Pomps: For other- 
wiſe if the handle which carries the Peſtle, be only faſtned to 2 
Leaver movable about an axis as D in this Engin,jt will happen 
that the Peſtle will be drawn ſometimes to one hde; arid ſome: 
times to the other, and wear unequally in the: body of the 
Pomp: in working, which will deſtroy it in,a third part of the 
time, as I bave-obſerved in ſome rencounters. | 


FROT OS 


We may; likewiſe apply the ſame conſtruftion to wings, or to 
the Axle-tree of Mills, which have their Wheel wertical, 
and whichare for Powder, for Paper, for Fulling, for Forg- 
 #ng,' &c. or it may raiſe Peſtles, very near as you ſee re- 
| preſented in this figure. | ' 


Fig. F Shall here repreſent only two of theſe Peſtles, but we 
200.4 may put as many as we pleaſe, or as many as the mover 
of the, Wheel can make to go ; you mult always pur two wings 
oppoſite, as A B and CD, to work on each Peſtle, ro' the end 
that when one of theſe Wings as B having quitted the little 
Wheel E from the arm of the Peſtle, and thar it is fallen, then 
immediately the other Wing A, which is oppoſite to B, begins 
to relieve it. I 2 Hhagtt 

.. We may alſo obſerve chat if we have two Peſtles, it behoves 
that the wings which belong ro each one, will be applied 
one after another, to the axis of the Wheel,- as we ſee here, 
where the Azis is to'4 Pancs, becauſe that it hath four wings 
and two Peſtles, and where the wings A and B are applied 
to the two oppoſe faces of the axis, and the two other wings 
C-and.D, which belong co che' other Peſtle are, applied to the 
rwo other oppoſite faces of the fame Axis : If we would then 
have three Peſtles and fix wings, we muſt cut the Axis, os 
Tree, into 6 panes, or (ides, and if we would have four, we 
muſt cut ir into 8 ſides, unleſs we apply two Peſtles on the 
fame face, and then there needs but half of the faces tro 


the tree, | 
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But it muſt be obſcrved' that we do nor place the wings to-- 
>erher, which are applicd to the fame face,* but ro-mingle 
2m with. the others, that fo the Endeavour, or effe&; may 
diſtribute: it ſelf equally. on. the Axis, or: tree, that. is to fay, thar. 
the raiſed: Peſtles ſhould not be together. | | 
I do now repreſent; in; this hg OG _ Aathr-rM of 
making,the motion equal, which 1s by giving a eUfipure 
to hs ike el tothe Axis of the Wheel; and: 
by placing the little Wheels to the end of the 'arm+of the- 
Peſtles, although there be yet another, in, making the arms; 
Of the-Peſtles of a carved or crooked:figure, and. in applying 
the little Wheels to. the.end of the right wings of the Axis of 
the Wheel: vilk bares we cheſt rwo kinds mn: the-con=- 
fruQion of the Curves or Crooks) - + tg fs 
-"F-have \not given here the-comunation of this-Engie,. nor the - 
manner -of ſtrengthining- all che pieces, "cis ſufficienc} for him: 
that. regards the Mechanicks to ſhew.. the. diſpafirian,. the. reſt: 
belongs tothe Art of Carpentry. | 


The faſt hind. Fig... 201:. 


ie; firſt kind. of -applying-. the Cuxve.to this: Engin is thats 
ich 1 "rprelemcd o the preccdene Figure ; ler the poitit C: 
be the | of the Axis of: the,, great Wheel, and CA the. 
diſtance. from. the. Center. to, the handle of the Peſtles, on. 
the right line C A having determind che poinc B, which 3s the- 
extream & B, of che. arm. of:the. Peſtle, and- which is the Cen- 
rer:of. the lirtle wheel, which we. apply to the end. or extream, 
of the arm ;. and'frons the center C, and by the Radius C B,._ 
Loving etabadihe circle B D, make the Epicycloid B'V 'V on. 
the..cixcle. BD. for the: Baſe, the generating circle having 
/ alin 0hAn younee AE, thar 3s <Ap.6 that the circum- 
ence ofthis arcle 1s a right line, and that the, Epicyclgud B V. V- 
is the laſt of all, which is. alſo .the. Curve Ra eg by 
the roling of the Circle, as is.noted before. $5: 24 151k ah 
Then-trom-allthe. pointsV of this Kpicycloid, having deferibed: 
the Circles:N, equal io the circle. E.F of, the litthe. el, the- 
Curve.E_N.N which touches all theſe. cxrcles will be the faſhion 
or form of. the arm of the tree, or axis of the Wheel. | 
Following the ſame method of demonſtration, that” I have 
ebſerved before, it is. cvident. that in whatſoever Poſition the. 
| arm. 
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arm E NN of theaxis, ſhall be in turning about its axis C, it 
will have always equalicy of motion between the cemer of the 
hitcle Wheel which riſes perpendicular,and the point B- which at 
moves about from the cetter C: Far if the center of the little 
'Wheel-B is tranſpoſed.in H, following the Jine B H' paralle! 
to A'G and perpendicular to A C, through the Curve E N.N 
tranſported in L»» aboutfromthe centre C, it isevident thatche 
point'H, will be found on rhe Epicycloid BV V, removed in K H, 
with the ' Curve-E N N removed in Ln»: For the fhorteſt 
-diſtance from the point H tothe Curve L =», 'will be - equal 
to the Radius of the lirdle Wheel E F: But by the Formation 
of the Epicycleid B V or K H, the arch B'K of its Baſe, will 
be equal ro-the arch of its ''generating. Circle, which is here 
che right line BH, which: repreſents alſo the way; from the 
center B of the little Wheel, while ithe -ſame'poine B: deſcribe; 
the' arch B K-:-But the ways BK'and BH being equal, and 
the Powers equal applied in B, of ' which the one aGts tothe 
end B of the Leaver CB, and che other to the end ——— 
finirs Leaver BA, or determin'd co whar-diſtance' you 
in A, forthe lengrh of the Leavers-oughr nor ro be:-conftder 4 
when the- Powers are dire&ly oppoſite: the one t0:the other, 
it willfollow chat you will have on every: lide' an' Equilibrium 
berween the two equal Powers. * 
We do not conſider here the rubing or wearing - of he 

handle of the Peſtle rhroughout the hollowing' of the: wood ir 

runs in, for ro mak ir raite' perpendicular, for we ſuppoſe thar 

the Bodies are exceeding ſmooth, and thar the Gare, Or Wear- 
ing hinder not in any mannerthe: morion. tft 


| The Seevned kind. Fig: 202. 


'In the Second manner it muſt be chaviche: arm of is Peſtle 
is of aCurve figure, and thar the little Wheel is inpplicd:: Go] the 
eadiofithe:arm of the Tree, or 'Ais-of the'Wheel: A 44 
\* The figure of this arm, or wing; is not determined : inco 
there is no regard, bur to the length from the axis :of the tree; 
everi to the centre @# the little Wheel, which works on the 
arm of the Bar, or Peſtle ; ic behoves only to take heed rhar 
the Figure as C K D, which we give ta this arm, or! wings 
hinder not the motion -of the arm-.of the clile. oi 9194 
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- Ler'theri, as before, the handle of the'Peſtle be. AG; and the 
center ofthe Axis C,” having drawn the Perpendicular 'C'A on 
A'G, 'markon'A C' the Radius A Bof the little Wheel, 'and by 
the point Bdraw the line BE parallc] to A G, which will be 
the Baſe of the Cycloid B V V, whoſe generating circle wilh 
have the lengrh C B for its Radius: If from all the points V 
of this'Cycloid, we defcribe the circles N- equal to;thoſe of 
the! lictle- wheel, ' the Curve: line N N: which touches all 
theſe Eircles will be the Figure-of the crooked arm which we 
otight to apply to the handle 'of the Peſtle. ett 92mm: 
is evident by the generation-of the cycloid, that if we 
move the cycloid B V on its baſe B E, in what place ſoever 
"tis placed, as in ED «, the;end Bof the Radius CB being re- 
moved: by. the cycloid in D; the: arch B D/ wilk be equal in: 
th ro-the right line B:E:of the |baſe;7 but. if in ſtead of the 
eycloid/we uſe the curve N'N, we fee-ckarly,. as in the pre: 
eedent propoſitions, :|that- this curve wil make: the fame way 
£0 the point B, -from the end of the: Radius CB; in; rencoun- 
ring thelictle wheel AF; whoſe center is i B; for the curve 
» n. Which' rencounters the Hrtle wheel; cannot advance its 
center, /or: make - it move; forward, but from the diſtance of 
that: cencerito-the-cycloid, which-/is that from the ' Radius of 
the little wheel: Bur as theſe mctions, or movements; are every: 
where cqual, there will'be -an Equilibrium between the two. 
equal powers applicd-as in the: pretedent -exawple, which does 
not requize any :long cxplication after.yghat which: I have ſaid 
oftemer; Engios.2:31 14 bos Lou ornbooks aig athoh <H 
There is only in this:cafe-one.difficulry for the conftruftion: 
of this Engin; for as it is, that the little wheel lays hold on: 
the arm of the Peftle below, if the arm "of the Axis,-or Axle- 
tree, which carries the Jictle wheel, be right or ſtreight, it ren- 
oaunters the curye-before that 'the: little: wheel rouches it 3: we 
muſt then bend-of make Ergoked the arin 2 little;-as 4he line 
H K D ſhews;-.09 the; end: that the- bttſe. wheel-begin' to ren« 
coanter the'curve'F NN, when us center 'B is in the line C 
A: Bur as-it-is:difficule to make theſe forts! of curves. H K D; 
unkſs it be ofs Iran; ''wwie may alſo make te ferve an arm every. 
way tight or ftreight which ſhall bear 'or Carry the center D of 
thelinie.whecl, bir then the-.arm muſt be double, and the 


litle whe. 1 muſt. be applied; bcrween two to the end, for the 


crooked: 
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crooked arm 'of the peſtle F N.N. will paſs/between: theſe-rwo 
Kreighr pieces Which bear'the' lirtle wheel. fon ll 
-We miſt obſerve here, as in all the ocher[Engins; that-/the 
litcſe wheel be ſmall; for when the crobked /arm which # ten- 
counter or meets, ' ceaſes to work by a perpendicular lige drawn 
from the- center of the litcle- wheel: ro'ithe:curve,'ioughtito 
ceaſe in''the Rencountrer, .or diſcontmue-to meet: ity wihichſys 
not poſſible, becaufe'ir ferves but one-part;of thei Curve: It 
happens.'then that the extream of the: arm; wores: ſtil} by-its 
point on the little wheel, in making it rurn on its center unt 
x beentirely got away; and'in the motion, the Equilibrium /be- 
rween the powers is not found' any mare, which is.a.defedtin 
the Engin,- which we muſt avoid and-leſſen by making:the: lit+ 


te wheel of s ſmall Diamerer./ + y- 
, -P R'OP-0 & REC ory ct cit od 
Of the Length and Diſpoſition of the: Teeth of Wheels... 


Fig. 203 Have already demonſtrated; that it is nor-neceſfary 

that the teeth be equally: diſtributed onthe wheel, 
when they are of a regular figure: tro make 'them; act equally 
one with tother ; for if we have but one, ir will be as if 'we 
had 'more which work, the powers applied 10 :theſe” whieels: 
aQt always in the fame reaſon or proportion; .the one withire- 
fpe&-t6 rhe other: /-Bur'we mult cake heedurhart-when one 
tooth-as ON L, which & cur-as L, ceaſes to:work:or-the'othet 
Tooth'PZ,' that is ro ſay, when the Touchant. in Lof the curve 
O NE} is alfo Fouchant the ſame point /L! of the curvePZiof 
the'other tooth; thexe muſt be' two other already of 'the two 


- wheel'which'work together ; for otherwiſe the:extream'L off 


the rooth N-L'rencountring {till only by:the' point Lithe carve: 
P.Z\witt fiot be *moved as before, and the/motions of | the! _ 
rwo wheels will nor be equal berween«themſcluess Iris: nor: 

poſſible in this caſe ro retify the motion-in ſeeking the figure- 
which rightly 2grees with the Teeth of the wheel A, to make 
the point L work equally on the Tooth P Z; for the point L. 
rencounters the Tooth P Z, in the fame points where ir alrea- 
dy is rencountred by the curve N L.. Bur when another tooth: 
begins to work,or hath workr already,when the poiart L ceaſes 


to work regularly on the Tooth P Z, the point L ceaſes alſo.” 
ro- 
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©0-renoounter the irooth. PZ ; but prague deer 10,:Which 
'*ris faltned is movedialways' with an:equalmotion-by- the. on 
counret; or meeting! of the [other 1ccth of the wheel;G, 3chr 

makes :it\ go further: \than zhe pain L alone ſhould do, : _ 
wheel Atwill:have always the lame way, as.if the Topth.;PZ 
hould'beirencoumred, ot met; by, the, curve. ONL roleng+ 
8d;orlengrhnedy then che. point: will: remove; alide from 
the tooth P-Z; ind they will work ragether:only ſ9/amuch. as 
They can do: ir regulaniy, which 46:2 hea ad Yantage 59190 
| In 935 a1 Ci 

;oughr alfo'ro. min ined thar the Teeth of one wheel tw 
cotiatr>IOE thoſe of the other. wheel above the points, where 
they zm-to work, ahat is 20 ſay, t9wards (5, above 
«the Nine C,which joins the cemars-of che wheels for tht» aea- 
-ſon of rubing or wearing, as I have already taken notice of 
before,for the rubingsWwhich arewmadeiofbodies, which go one 
.on another are always very great, and on the contrary thoſe 
that are matte by; "are" Very inconkderable;, wherefore 
we ought. to diſpoſe the Teeth in ſuch manner, that hey 
<roubje mor, non tnadcrione aniberbeforeithey:be 

| that thore-be i dbBveNicnt) length and: $ ring aro them, 
_— to diſengage themſelves 'calily the. 0ne,from. the 


zl "Wome dons 


as I have: done, :that the part of thoganch 
Þ have have hh es You: hs _=_ 


fafbnels; anc Lbaehs nay way, a —EEES 'Never- 
thelefs3e/i84ett tÞ;be done; as workwen,Þ 
AiſOericr pf-givingite: teeth- the ſame figure. of Co. as 


well to\inurc 2o-make theſe xeeth-all-equal,. as to:ſerve-.alſo-to 
the mation of the;/Wheels,, when we -would-make.;; Arn 
ps dence; contuary-20thar, which.is necllaxy4or ther ale: &: the 


1; whit apo arcablioged 19,0 3 mw w$ 
nts, was Rn 5. 2467 ye ya ppm 4200: Hives: wy Fo 1 
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To: make \an Engin which ſerves to move Jeneral g 1 fs 
the ſawing of Stones. Fig: 204... / 


"A B, is a Frame, or SHas, ih mariner of a.{quare fgure, which 
may move eaſily from C towards.'B, and from; 5 a1 
wards C, being kept" within a'kind of hollow. gutter of wood 
in which it moves on little wheels which-are- wines to 4 piece 
beneath : Inthis Frame'you-have two: pieces of; woed Joined 
at-right angles in G-and in F; wich the: pieces of che. Frame, & 
My; C:B; and-which aro)detaited: by ewa-tonds or braces, from 
thekdes:0f the Frame, there: muſt be-!alſo; inthe rworogher 
angles of the frame:rwa bonds or braces jn D andiio. oF hien: 
ſerveoro:ftrengrhen-ir. 

In the middle of this Frame thei molt. be a- Triangle, of 
wood: HIK; which is ſaftainied! in the middle on large piece 
of Tirnber;' or 'Axle-iree L;/ on: whictivitIis welb:Nſlayed, and. 
when this -tirge pieceiof Timber or Axle-tree; runes, the - 
angles: of -the:: Triangle, which are furniſhe with: {mall} lictle 
-wheels in 1 K H, come-to rencounterithe pieces, off waned. G,F 
ane afrer: another, making: the frame A B:ro/ move. from- Re 
fade 20 the ochey' in rr brarry. by! farcing.i ic IniG4 ond | 
aſemrards in-P. 

- -Tawards-the':ends of the pieces. of wood AM; C  there- 

multibe:rwo: rads of Iron, 23:MiB;:: which: mbſt; be: CA, ep | 
ned which muſt bear two hands of iron N Q, CNS. 
along theſe rods of Iron, where they are engaged at one end, 
and on the other, they are” well taſted ra one of the arms of” 
the ſaw ÞP. Whence it appears, that when the Fraine is mo- 
ved, it makes the ſaws Þ tro move which are on the two ſides: 
of the frame; - and ac yordang a fy wotks, the Rahds 
deſcend by rumvitg Sida g the red \\00% FO ? 

According to the torce of. the power which turns..the” NY 

recs L; we 'map apply many /Trianglts; as H 1K, which wil; 
make-'to:move- ſo ' many: Frames; as: A; By — 

tWiCe as many Saws. 

- The little wheels which/ are applied tothe: —— 
Triangle; 2nd: which: facittitare- the: motion of !therrframe; are - 


of Foear uſe; becauſe they rake awayithe:rubingg which! _ 
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"be made apainſt the pieces G F, if there were none bur the 
angles of the Triangle which hir againſt them. But although 
theſe lirtle' wheels are —_ to the angles, the motion is ne- 
_ vertheleſs unequal; and for to make it equal, it/behoyeth thar 
the faces of the pieces 'G F: which are rencountred, or - hit a- 
gainſt by che lictle Wheels, muſt be formed in a crooked line, 
- which is' demonſtrated! and explain'd'all atong: before 'in the 
Treo Eid: oo ret our ought £1 
| - Fig. 205. How to: make the bending of the-face of the 

pieces G EF; 'from'the*centre L, and with the radius UL I, equal 
to'the' diſtance -which' is berween: the axis of the tree. L of 
the Enging and the- centre -of the little wheel, having: deſcri- 
bed che circle T'F;draw- a parbof the:Cycloid'IS.on the. right 
line IQ, which rouches the circle in 5; and which wilt: be 
the baſe of the © Cycloid;. the circle! I F being the : generator, 
and the beginning of the Cycloid being in I ; then ion all 


the points of the-Cycloid, 'as-a centre, deſcribe the circles R - 


which muſt be equal: tothe lictle-wheel, and you may.draw 
the line RR, which: will-rouchall the:circles:rowards the:con- 
-yexity of the Cycloid. The line R:R- will be chie-bending of 

the face"of the pieces G F:: We 'may (prolong: theiline RR 


the face" of the pieces | 

'rowards' V;-adding to it a/part.of the-righ line, even 'to the 
' place where it is faſtned in-the piece A M of the frame: You 
'muſt obſerve, that the little wheel:in warking- ought co ap- 
ply ir {elf in the curve or bending RR, in the- fame manner 
that the. circles R R are placed, that is to ſay, that the pieces 
-G F -ought to be a lictle'mote bending cowards: the middle of 


«in. \ RNC Y Io” 4 
"The Frame. 
OS * $7 Þ23:404 { < CT i F Sed 
i% i. 
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.To change the, direftion of Motions, or Movements, by the 
2% means of toothed Wheels... = {34 «185,06, Noah 
CLLR SEPT. Oo nl Jo 35 ello arbor 
_ "F- Evithe wheel be A B which turns on ayertical Tampin :C, 


* 
, 


2. whole: teetli are placed: perpendicularly on-:the plane of 


the Wheel. | 
IF we wouldimove this Wheel A B Horizontally, by means 
.of the-arm:D'E; and thar: ics-teeth rencounter, and enter in the 
iSpindles of the: LanrernG'F, which moves on ITICLEaAY 
| SE awpin 


[0 £ 
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Tam in M N, it is evident thar the Horizontal movement of 
the Power applied: to the arm D E will bectianged into-atvier- 
tical movement or motion abour the Yanugls; or: the Axle-trce 


M N, of the Lantern. 

'Alfo- by means of an Horizontal motion we may raie.che 
weightP, "hoſe Chord:is wound abour the-Rolt Q;whiich hath 
irs axletree- common with -thar of rhe-LancermF Ge © oc 

But if inſtead of the 'Lantern'-F-G;/ whioſe- ſpindles are pa- 


 rallel to its axle-tree, we would | make anocher, 2s H I; whoſe 


Spindles are inclined to the axle-tree K L, in what angle: we 
; eaſe ;/ it is evident, that the horizontal motion. of the power 
applied to the arm' of the wheel, will-be changed anto.a mo- 
rion inclined to it, in what angle one, will about'the axle-tree 
K L. (5 
Only note, that the Spindles of the Lankeds, HI, which 
rencounter the teeth of the wheel A B, muſt find themſelves 
mae horizontally in the- rencgunter;to: the end, that: they may 

e applied in the lame' Ts if this Lantern'were wa: ro 


. the other GF. gt p17 oY of: 


PROPOS. XII « Ht 207: 


The deſcription of a Wind-mill ,Fogether with the Campatati- 
on of the force of the Wind on its ſails. 


«gs are commonly of two ſorts, bur they. differ nor- bur 
im this, that in the'one the whole body | of the mill turns 
on'a Tainpin, to expoſe the ſails ro the nn, in the other, the 
body is of ſtone, and-none but the upper part//turns to: expoſe 
the ſails ro the wind. In theſe the Lantern and the- ſtones 
ought to be placed in the middle of rhe Tower, that the reeth 
of the Wheel in all' their ditferem Poſitions may rENCOunter 
always equally the Spindles of the Lantern. 

AB is the great Axle-tree, at whoſe end the Sails are Gſined, 
and - which ſerves for'an axle-tree;to/: the Wheel CD. The 
cecth of the Wheel CD enter into the Spindles of the Lantery 
E F, whoſe. Axle-tree G H N is vertical, and which being 
ftayed by the upper ſtone. I K, makes 1 it curn on that beneath 
L'M, which'is immovable. 

So that the vertical motion of the Sails, and of the Wheel is 


converted i into the Horizontal 'mortion of the ſtones. 
Rr The 


} » 


whe 


©, » - a A- | HE; | MP " | 
2 echan 24 opwerF,. Book? 
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The Whidel hath-combenty 48:Teath, .and. the Lantery 4 © 
Spindles;. fothat cathrrutiiing roundof the Wheel, or o 


whence:you. may obſerves thatuperhaps the; ffones, ake; not 


the whole, or thofertaniane tarning TORGITOK, of 


time, and op hes oh [Will alſo--make. gne:furn- 


ing abour 


reps 3 one part ofthe'ſhils to! reduce them from this ſwift-. 


/; Iris not likely: thatthe ordihary manner of uſing the force: - 
of :windyro tum the ſtbiies-of mills is/'thie moſt advantageous. 


thar-id-potſiblo:co'be/ found; which 5/that which hath:oblieged. 


many aQtive- workmen to. ſeek after, other ſorts of Mills; ro- 


the wind} andiabove all:the Horizontal,'co-the end that the 
fails may be' expoſed diteAly to the wind, 'and profic by all its 
force ;- bur: all. theſe ſorts of: invertions have not proſpered. 
We may perhaps belicve'thatethe Wind-mills; fuch. as, we. have 


ſeen. were not made at firſt ſight in the perfe&ian that, they 


are at preſent, but that the continual vſe which is made of 
them; hath-made'ryany. defayls ro be ſeen;. which ene amends 
afterwards. | 

\'Behvld the Computation .of 'the. force of wind- againſt the 
ſails of a mill, according to. the inquiry which was: made by. 
Mr. Mariet, in his book of the Motion of Faters. © 

1/'Fijp. 208. ' A*Brepreſents! in;this Figure-the-\Axis or Axle- 


rree/of a'turned- Cylinder, and, the Rule/G H a croſs art _- 
the 


angles: And I'L js-another rule, placed perpendicularly -on 


firſt:G H, and'ftayed: alſo-in the Cylinder. MN OP is a ſmall 
thin table, even as the precedent Rules, which is likewiſe. placed: 
perpendicalarly on the Axis A B, and Bias fo, that it makes. 


witt-ir-an-angle of. 45 degrees,.. and withireſpet to the Rule. 
G. 9ff1 to {fire} 


3f- we fuppolſe now that:bne- Caſt: of water bear. dire&ly 
againſt the Rule T'Lycrowards the point: Q,: and that it, tyrps. 


the-Cylirider- according: 'to: the order 08: the letters. a þ c 4, 


bur-that the/ weight! R:placed rowards the end H, of. the Rule- 
GH, makes an Equilibrium with the: force of the caſt of. 


wate Q, that. is to. ſay, that. it. hitders-#he Cylinder from 


. T- 


turning; I is'cerrain, that if + the / fame 'caſt--af:, water. bear 


againſt the-Table MO, alſo in the: point 'S,, which: being alſo. 
Þ far. removed. from the Axis:of: the Cylinder, as the point Q, 
and. 


10. 
r. of 1the 
fails, cauſes near 5 turnings round of the tones to,: be made ;. 


5 ſecondiy Theiefore: if the wind, Þe: to: violent, 


_ 


after Cs c DUETS 
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t the direRion of this Caſt. be per ndicul e 
To Ms ED Fol weight R, be oy "her tha fea th | 
Wi 9, A acco the, jon of the Rule FL" which - 
3810 A perpendic ar tor the, Axis AB; biit'it = 
That ef PE PETE that Ne {ch hall be” uk "the we) 

as the ſide of 2, Square tf 1ts.Diagonal. 


And if. the is ark el ro-the eh A and 
hir againſt the Ty ks che iy He Ob. nul 


at | 
7; © of Hh 
diminiſh in 1s cart x tele i rhe fide” ro 
the diagonal. of a atE Rc; uſe Fl is {8 fal $ obliquely 
againſt the Table under an. angle bf 45 degrees. 
. Ir is then evident, that this double reaſon. of diminution 
ought to reduce the weight R to its moyety, or half x 
. . Now, the wind which | Yor i ey the Pike of a indy, 
beats,,or, blows, obliquely ,and it it rencounrers each'fa der 
An ang] of 45; degrees, it follo ws, then Fon 6 what bot ae 
ſaid, har. it-will not-have FO. . md mY of the Zarce. which it it 
would have, if it rencountred dire ly, and if the fail, be | 
oof op, v9 Alerree, as the Rule, I'L M. the Avis AB. Tf | 
u then'that the whole force n E as $04.itw 
be nfoyced .r0 40. forge! ley Sus Yak SF 7h 
Heres Yet ONE, Rp F OR, mn 
Cames; tom .the lame. EY for a1 
of wind Wha 1:h bs tape, oÞt gg, ſurface it of be fall, Fen if it oa 
Fam circety oppolite, , and this Coen, will be; till it, io 
ame reaſon, or, proportion, . of the. {ide gf a Square ; T0 its. dia- 
gopal, which, will in ES Los Fg Who ig k, hots: E| bf 't the 


#3 


FER. 


wind mea ured by 89, 10,2 

Bur if the obliquiry of the fail is IS. tes" Than” 45. pres thir 
is to ſay, if it is more expoſed to the Wind: whereof we ſlip- 
pole the direRion parallel to the axis A B, and that the angle 
be of 5a degrees on ane! fide, and. 34 on the:oppoſ re, then the 
firſt cauſe of diminution reduces the force from 80 to the 
moyety. 40, buruhe rwo others unlike, for rhey. TEdu6S \on; buy 
from 40 to 34vEFy. nigh, which: gives. us (0..undeſt and, thar 
it is better that the ſails of windmils have this obliquiry than 
thatiof 45 degrecs, 

By theſe ſuppofitions,of Mr. Mariots, if the ſw ifineſs' of 
indifferent, wang. 15.of 24 Feet, through, each {econd' of «ti «x | 
one:may know Md experience ; one wing or fail direRly oppo- 
ſi Ue.;FO.: .the wan and whaeb hath 144 feet 1 1n. its ob. 

wW 


Kr 2 1; 
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, ; de © (onge ion, heaa in The | pre- 
© Oh ind t tc _ Ny *2s R, where the "weight 
$ "mlae. om the ene, the diſtance from the 


P 
centre of the Th 
;; Bur if the fail have ” y'6. feer ih breadth, and, 24 feet in 
a 


4 it will. have rhe fame, je foper ies "of 144 feet;. and its 
me wh LM feet from 'th Axis; wherefore it wil 


25 yer-thy Th unds, fribg.r 12 feet of diftance from 
the Axis: But 1 By 4 es © Yor the axis 'to the Cemre of 


the ſail.is. of 15 OE ir. will Pt 262 poundsand' =. 


f theſe three cauſes of diminution they ſuppoſe: 


Bur chrou us 
the AO « the ſails. of. 60 degrees, with the Tree, or: Axis, 


where they are faſtned, the force of the wind: reduces it ſelf 


to ſuſtains. IoT pounds and + 4, having r; feet of diſtance from 
the Axis : And becauſe there” ate four ſails, the force: of the 
windwill ſuſtain 407 pounds at tlie diſtance of. 1's, feet from'the 
Axis of the ſails. 

Bur the ſemidiameter. of the wheel being: ſuppoſed of four 


tear, os Ne Tt as 40 rg, ſo 407 ro 1326, this will-be 
| her of, & unde. hich meaſures' the force-of the 


Tubing, or wearing, in all rheſe Calculations: 


Fl the horizonral.Mills you canriothave about but one fail;. 
inſt which the Wind a&s direMy,' and'ir maſt be made of 


an gu ordinary greitnefs, for ro cauſe the fame effe& as the 
4 yertical fails of ordipary. Mills, as "tis caly to compute by, 
the pieeeenc Suppoſicions.. | 


PROPOS. XIV: . Fig. ZOYs 


of Wheek; Fr of Lanterns, with their. Blbows,.or crooked' 


Axes, for the” nioving *He- Suckers. of Pamps-. 


ly F the power turns. the wheel” vertically, we muſt only bend: 
the ends of its Axis, as: you ſee here in the _ GH.. 


if the-morion of rhe be horizontal as if it be ap- 


"tO the arm CD of an horizontaF wheel A B;: you muſt: 
rk the. Lanterns EF, fo that their Spindks enter = 


wit "tie Lantern, in' the fuppofſition- | 
that it es Fa th gra Sanity : there is no- regard 'of the. 
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the teeth of wheel, and that their crooked axes may work the 
effect that we delire. . | | | 

In each crook of the Axis you may put a kind of little ring 
I, which is faſtned to the end of the Iron of the fucker K, fo thar 
in the motion of the Lantern, the crooks of the Axes raiſe them 
and let them fall alternarively,or by rurns one after another,theſe 
raiſe and depreſs the Peſtles, or Irons, ror which the Suckers 
are faſtned in the body of the pump, rhis alfo makes ic give one 
ftroke of the Iron to each turn of the Lanterns: 

We may make the diameter of theſe Lanterns a fifth: pare 
very nigh of that of the great wheel, ro- the end, that for each 
going round of the great wheel, the Lanterns may make five. 


| But however commodious this Proportion is, we will nor 


make a Rule, - becauſe it muſt have regard to the ſwiftneſs of 
the power which may be roo: great for this proportion, and: 
which will move the Rods, or Peſtles, roo nimbly. | 


PROPOS. XV. 


tr toothed Wheels the number of Teeth muſt not contain ex< 
attly ſo many times the Teeth of the Pinions,. or Spin= 
dles of the Lanterns to which they are applied. | 


His Rule concerns only the execution, and we ought to: 
have regard to- make it ſo, that the-reeth of the wheels: 

do not always rencounter the fame teeth of the Pinions, for: 
when. they: rencounter, or meet different ones, they grow 
perfe& in rubing and: in uſing themfelves one againſt the o- 
ther, and by degrees they make very nigh the ftigure which 
behoves them, for ro a& equally in their different rencountes, 
and in the different lengths from their Axes, which-is explain- 


ed in.the Treatiſe of Epicychoids before. 2048 | 
It behoves to practice: this Rule exa&tly, chat 'the. number. 
of the teeth of the Wheels, and of the 'Pinions, muſt be 
Primes between themſelves, thar is-to fay, that they do noe 
admit of any other common meaſure than Unity, and fo the 
ſame tooth of the lirtle Wheel, or Pmion, rencounters. not 
the fame rooth of the great Wheel, but after that the. lictle 
one hath made ſo many: revolutions, os turns;. as there. are 
tecth'in. the great whecl, | | EPL 
| Bur. 
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- ; Bur becauſe there. is bur. little, difxculty to wake one divi- 
fion of -rwo prime numbers, we may make the number of 
reeth of 'the igreat 'Wheel.; for example,-.0f ,48 or 60, and 
 thole of the-/Pinions: of 6;0r:8, and in. the Mills, the” grear 
Wheel of - 48 teeth, and the Lantern of 10 Spindles, to: the 
end that the ſame teeth may, meet as few times as is poſlible ; 
for if the Wheel have 6o, .and the Pinion. 6,, the leaſt 'mum- 
bers -which keep -the Tame, proportion - will be 10 and ©, 
-"wherefore the ſame teeth-of the Pinion of 6, rencounter nor 
'them;[of the Wheel bur, after. 10, reyolutions ; and if the 
great 'Wheel have 60, and the Pinjon 8, the teeth of the 
Pinion .rencounter not the, ſame tecth of the Wheel, ill after 
x5:revolutions, :becauſe that 15 and'z are the prime' Num- 
bers! berween 'themdelves, which, cxprefs, the rention' of -6o 
.and $:;:Laſtly, if the Wheel, have. 48; teeth; and” the Pinion 
or the Lantern: £o,; the; teeth. of the: Lantern rencounter' noe 
the ſame teeth of the Wheel but after 24 revolations; for 
the numbers 24 and g,_are the rwo prime numbers which 
expreſs the relation between-48 and 10, and 'tis this which 
makes us ſee that we cannot find a number of teeth which 
ts+more -proper for "the. Wheel, and utor the. Lavierp.of.Mills, 
for the divifioninto=48 parts -is\caſy, and: may, be done-yery 
exactly, and: that. 0 . $0. 1s.\ CamMMmodious, . and may be. re- 
duced to G., | 


P-R O'P 0 8. "XVI. 


Of oblique aud interrupted Mcvements, or Motions.” 


the:'roller of the. bcam G,:,and; that 'the chord F 
which ought = draw the CR EY OT v7 
pulley/L,: 6n 2which/Hakſes che; chord, F,-for. ro go' to faſten 
wnx0'the rop-'of wm ligle wheel OE ao. on another 
pulley'1,; which'is faſtoed ro the top of the little wheel E, 
and (which is :ſtayed: at laſt in. M towards the pulley. L ; *cis 
 evident;;/thar: when ghecrolicr! rurns xound for ro draw the 
choifd:E; ir windes. at,the! fame; time. the chord” D,' which is 
ewiced>on2the:aoll &, in;aicomrary Hence -of the” chotd F : 
Bur if thechord F is twiſted on the roll G of 6 feet long, the 
7 2 "ooo 


Pe. FF the chord D- of the weight P, be wound about on 
210.4 
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weight P*deſcends'at che ſame time from 6 feet high, and will 
alſo at the ſame time be raiſed by the morion of the little 
wheel throughout the hollow ir runs in. ft 

But the Chord F having. been drawn the length of 6 feet; ir 
will not make the little wheel to advance bur 3 -feet; for as it: 
paſſes through upon the pully ];' and is ſtayed in M, ir doth 
not advance the pully I, and the hrtle wheel-E; which ate falt- 
ned together, but the half of its movement, | or motion. * 

Wherefore when the chord F is twiſted on the Roll G of 6 
feer long, and that the chord D is alſo rwiſted or wound 'a- 
bout of 6 Feer in length, the lirth wheel E'will nothave made- 
bur 3 feet of its way ;. and by conſequence the weight Þ will 
not be raiſed up again, bur 3/feer by the motion of the' little: 
wheel E; it appears then to be deſcended 3 feer, which is' ſo- 
much as the little wheel hath made of way on the hollow: 
groove, wherefore ir deſcends by this means by half a right. 
angle, or it deſcends fo much as it advances: 

Laſtly,if the chord D which: is faſtned to the round beam,is 
all wound up,” and that it begins ro wind it ſelf abour in the- 
fame ſence as the chord'F, then the weight P rifes again; bar 
it riſes three times as much as ir advances towards L: For if 
the chords D andF are wound about of 6 feet on the Roll of 
the round beam, the' weighr ought alſo to be raifed ro the 
height of 6. feet by meansof che chord 'D, and it oughr alſo to 
be raiſed 3 feet by means of the little wheel E which draws. 
ir, ard which paſſes over 3 feer, white that its chord is drawn 
6 feet ; then the weight will'be raifed 9 feer while thar ir runs- 
over*only 3 feet in length, which is the * motion of the lictle. 
wheel E. | x 

Bar when thechord Dis wholly wound of the round beam, or 
eyclinder, and that the weight begins to rife, if you make 
a ſtop to the chord F,as in R, in-place which ir paſſes ar char 
rime over the pulley I, ſothat the cord cannot any more turn 
on the pulley,the fame thing will happen as if it were faſtned- 
at the top of the little wheel E, and the weight will be raiſed: 
6 feet, by the motion of irs chord D, and 6 feetby the motion: 
of the little wheel E,it will then have run over 6 feet in length. 
hanging, while it is raiſed 12 feer.. 

Now if the parts of the Roll of the round beam on which: 
the cords D and F are wound; are of different diameters, ir: 
will make the movements or motions, different,and in different. 


pro. 
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proportions of thoſe. which I.come to explain; but it. will be 
eaſy ro determine them, the Diameters being given, or elle, 
the motions being propoſed, it will be eaſy to find the Diame- 
ters of che Roll which will ſerve them. | 

We may alſo by the ſame means make it ſo, that one part of 
the way of the weight ſhall be Horizontal, and the other parc 
riſe or deſcend perpendicularly, or obliquely, which requires 
no long Explanation ; I ſhall ſay no more of circular motions 
in rifing,or deſcending, ſeeing they only depend or belong to 
the figure of the hollow groove. There isin an all theſe motions 
many little caurions-to be obſerved, which muſt be left ro the 


induſtry of the Arrtificer. 


We. may alſo make many motions different and oppoſite the 
one to the other, with one and the ſame motion, by the means 
of pulleys, referring from one toanother which change the di- 
reCtion of the motions, which ſerve chiefly to make the changes 
of the Decorations, or Ornaments, of the two wings of Thea- 
tres; for, one axis only A { Fig. 211.) Which bears the Tam- 
bours,or Cylinders B C, 0 = Sie diameters, Coming to turn 
by means of a counter poiſe, or weight, makes to advance to- 
wards the middle of the {ſcene beneath the Theatre, the falſe 
frames or ſhaſhes D, which bear or carry the Ornamentsor De- 
corations by rhe means of the chords C E,B FE, which are faſt- 
ned to theſe ſhaſhes, or frames, and which are wound abour 
on the Tambours in . a contrary ſence: Theſe ſame ſhaſhes D 
advancing, and thoſe of G retiring at the fame time, whoſe 
place they take, by means of one or .two chords I, which are 
taſtned to theſe rwo ſhaſhes, which paſs above the pulleys thar 
refer from one to another H, which are thoſe in &e walls | of 
the two fides. The motion or way of theſe rwo ſhaſhes will 
be more or leſs according to the proportion of the Tambours, 
or Cylinders, which bear the Cords of their motion. 


Prop. 
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1109 3111 De ralſe a weight by an oblique mation: - N * 


"Er the weight be P: which'is ro he raiſed gbjiquely- frow'P 

L-to A, hs Engin which ſerves for' the movetnent being a 

Rofeig A. Y 5 2 wr 
glow groohg Boom Beothipsſed-oft iec 


of , 

hich' are bhly re anorhefr; | pies of vga 
Ku for thechord'ty ho pally which fuſtains the'weight P, 
- arid which "miſt be placed? Horizontally-'the*etiorl "DH 
which ſuſtains the weight Þ, is ſtayed firmly in/C towards the 
End B of the hoHowing,' and palles-in the! a1 -berween 
'hetwa pieces of of which 'tis- -x01ade ; ſes: alſo a- 
Dove thi openly m 


VIE, -of Wo 


bf thiee' 
'H = Hg r roll » & ' J- F mull 7/ berween 
ty i wich paſſe Sigh «hol TD HL Towards the end A of 


NA Beret jag ers 14 Cylinder; or round' beam'G with 
bs Baa, rt. draiv the cord: F,avbich is fafrried to the top 
of the fitcle wheel. 
caſy"to behold by [ths eonfernPBoi ehiv/En /abar 
rib onthe cher FF 'draws'the little wheel E'fromB 
\the'v P raiſes obliquely; or «flint, from HroA,'anl =" 
"the elevarion of the weight Þ will be equal to the length- '6f the 
hollow'groove AB. 24 
We may alſo makcir that the Elevation of the eight that 
"be in;,wh at groportiqn We pleaſe with Irs HorizontsP wh z for 


- Exariple, pd he voyi Weight: ÞHE tailed” 26 Set Rang, ker it 


31 't/ ” (1* 14 IC is 10; 


paſſes ſeppre 66 feet Horizontally:: 


For.this i we mayÞP place the'motjon of the chord'F;,which 


thaw! the lictle wheel E from B' towards A at the: end. B 'of 


— the hollow, roove with. rowards 15-401 
A 'the ond Ren placed ewatdy 8 


"Ed 


ich dra che Corb, wHPaQyabcs the little wheel from B 
it wikltauſ&the cord C'D'H which''fu- 

brig wei hr P to be twiſted onthe roll of the round beam, 

chat, it will not be faftned*immoveably in the point'C, as 

: Be Sip ; the/ptace, of the roll where it is twiſted, muſt have-its 


- diameter ſmaller than +rhe fame” where it cwitts- the-cord F, 


: Whetr the Cylinder wakes che! ile wh wheel E to advarice ow/the 
'- hoYow 


— 
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= 


hollow groove,and then'the chord D ou be twiſted iti a.con-- 
trary lee to Sar f the uy F, .co-the end that it may wind; 


| -? Its af th bc Keep port wy RO 
of? me "Wf th beam wh re chord F 
winds Ne To | Fenn other part where the cord: 


t,'10 


Fa en oughreo be as the Hocgongal 


«N.is; twi 
Ways, which. is, the [: ame /as 


> MaF-t9 —_ 


"745 


I th _ 
ga bona t: 
.it hays. run 0-- 


rn of Ele- 


ifwe. (=p £3 
ng. cxaly- 


Ke A. "| 
We 'W EE 2 oa A 
Et 99 ror Sek. Fhehox hoves that 
diameter of Pn 59th e;choxd F e diameter. f | 
! char part of ths the chox "Y oghs” is the Hori- 
zontal- way, to the difference zo: of the two..ways-,.Forif to. 
= ,chord F;make 3+ cor Way the 


Pe fox che;circumterences of the re 
as. their:diameters ;; : 


ind by: con- 
-»fequen NOD riſes 6 fect, becauſe of the dizmeters of ; 
the art of the roll, and it riſes ftilf 3 feet in. the fame time, 
| hich 3s: t the-H MOLIUD.. ; 
0) &5d@ the ifinels, the, motion, we. may. give. ir what we: 
R5 4621 BE F2ongt draw the chords which make 
the motion S with much {ſw ittmels. AS We: LequiIIe,, it be 
done by. means of . a; counter. weight, very. heavy, - which we 


#7 


| MAY: xaiſe. tG an height. equal. to, the Horizontal .motion,. and: 


 baving faſtned t 16 COU | chord. wound-about.on 
| ce roll en be aa i, [70 emer nare. 
likewiſe rwilted;] but, in,a,contrary 4 


ban COunter weight ic, {POL wen, 4 eh, wi 2 a great 1 wift- 


We commonly. a als this mocion. by means va a. Hhord, 
which ſervesto'makethe tricker,or detainer,, and which, being | 


4 apphicd od gas Any bgdy, where it flips and retains afterwards, 
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"This ſame tricker,or detainer, ſerves alſo to render the moti-. 


-on equal, which will otherwiſe be very unequal becauſe of 


the acceleration of the cou egy in deſcending. 

When one-chord ſerves it ſelf, of” 'many which are+plated» 
one from another | for Q- Taiſe .the-ſame. kei bt, or-which is 
the ſame thing, which ſuſtains it in ſeveral places, there wuſt 
be inſtead of the line wheel E, a fhafh or frame of wood,nftd 
as MM, in which there muſt be rolls, as N} which ferve with 
the pulleys to paſs the chords above, theſe rolls rurn. on their 
Axes which enter in thelong pieces of the ſhaſh or frame. This 
ſhaſh muſt run along on the two pieces of the hollow groove, 
being drawn;thropugh the hook OQ where we faſten the.chord. 
which ſerves to its motion ;- but / ic; behoves that 'cbefhaſh 
kept on the hollow grooves that it fall not from one'fide:tothe 
OCner, ) 
We may alſo inſtead of the hollow greoves, make one chord 
only to ſerve, being well-ſtretched our; on whieh\'\moſt-paſs: 
a pulley, as R, which ſuſtains another S,' which {erves: ro- ſus: 
ſtain the chord of hanging motion which the. pulley R runs'a- 
long in, in rouling on the chord which ferves'tor che hollow? 

rooVe. | | 4 
, I ſhall not ſay any thing concerning the manner of making 
theſe hollow grooves, and their derainer in different places ro 
render them ſolid, becauſe ir belongs to workmen, which 
work in Carpentry or Joynery. _ w_ | 

; We may alſo. make of theſe ſorts, of movements which. croſs 
themſelves withour trauble or tonfulion, for! if one ſerves to: 
the ſhaſh, as I have explained before, it is eaſy to ſee that the 
hollow grooves may. be: cur and interrupted in any place in a 
ſmall ſpace of 4 or 5 inches, which may ſerve for the palling 
of the, chord which ſuſtains the-weight, which - moves it ſelt 
with a different mocion from that which,is borne on the hollow 
groove which is.curt, withour which the motion of the weight 
will be hindred ; for che ſhaſh having itslong pieces fupported 
on thoſe of the hollow groove, it may paſs eatily above the 0- 
verture of the hollow groove. 

., What) have: ſaid. concerning the raiſing of Weights, may be 
applyed, rp zheir deſcent. | b coi jeu 
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for the Pocket, price 15 5. 

* Spheres, according t0\the Prodicmwick Syſtem, r4 Inches - Dia-- 
merer, price 3 /. 

Spheres, according tothe Prolomaick Syſtem 8 Inclies Diame- 
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- Gunter's Onddravit' 12+ Inches Radius; Pribeed' on Paper, 56a; 
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" Gunter's Oundrant, 4 Inches Radius, Printed: on Paper; and: 
paſted-on” Braſs, with a NoQurnal-'on the: back-fide, and'a' 
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A Map of all the Wrll,. 4 foot long and 3 foor deep, paſted: 
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or the Garden OF Eden, with the Countries exrcumjacent inha- / 


bitediby the Patriarchs. 


. The 40 Years Travel of the Children of 17as] through the | 


Wilderneſs. 4. Of Canaan, or the' Hely, Land, and how it was 
divided among the Twelve Tribes off 1/r4et, and travelled thro) 
by our Saviour and his Apoſtles: 5. The Travels-of $5.Pawland- 
others of the Apoſtics, in the propagating the'Goſpet.. .. 6. Fe- 
ruſalem, as it Rood: in our Saviours time, with. a-Book-of Expla- 


nations- to- theſe Map, Entituled,, Sacred. Geoprephy, price of 
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| x * Tutor to Aſtronomy and Geography, ox the Uſe of the Globes: 
i Caleffial and Terreſtrial 5 by Foſeph. Mexan; A! member'of 
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Foſeph Moxon, &c. price 45. : 
Wright's Correetion of Errors in the Art of Nawgation, p. 8 5. 
An Exact Survey. of the #ficrocoſmr, being an Anetomy of the 
Bodies of. Man and Woman, wherein the. Skin, Veins, Nerves, 
Muſcles, Bones, Sinews, and Ligaments are accurately deline- 
ated : Engraven on large Copper Plates, Printed and curiouſly 
paſted rogether, ſo as ar firſt fighr'yott'may behold all the Parts 
of Man and Woman ; and-by turning up ſeveral Diſſections of 
the Papers, take a view of all their inwards, with Alphabetical 
References. to. the: Names- of every Member and part of the 
Body : Set forth in Latin by Remelivns and | Michne! Spaber of 
Tjrol, and Engliſhed by Fob Ireton Ghyrurgion;. and laſtly, 
peruſed and corrected by ſeveral Artiſts: Now corrected by 


Clopton Havers, M. D. and Fellow of the Royal Society, price . 


plain 15 5. coloured 1/. 10s. : 
A Tutor to Aſtrology, or Aſtrology” made  eaſie,, PtiCe 2 5. 
The Uſe of a Mathematical Inſtrument called a Quadranr, 
price 6 d. $ 
Mechanick Exerciſes : Or, the Doctrine of Hangy Works, in 
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"the Art of * Fonery. The Third Three, wiz. Numb. VII. Numb. 1 
VHE. Numb. IX. teaching-the 4rt of Houſe Carpentry. Accom-' 
modited'/ with uirable Engraved Figures, by Feſeph Moxon, 
&c; price of each Monthly: Exerciſe 6g. - | 
- Mechanick'Dyalling ; Teaching any man,” chough of an ordi-: 
nary Capacity,” and utlearned/ in the Mathemaricks, .to draw 
atrue Sun-Dyal on any Given Plain, however fituated ; only 
with the help of aftraight rule. ard a pair of. Compaſſes ; ard 
withour any ns apy ang nas” ,by 7oſ. Moxon, p. 15. 64. 
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